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ABSTRACT 


Forecasts  serve  many  useful  purposes  within  the  highly 
capital  intensive  telecommunications  industry.  The  specific 
function  of  the  forecasting  system  outlined  herein  is  to 
forecast  the  net  annual  gain  in  the  subscriber  loop  demand 
to  enable  a  telecommunications  company  to  optimally  add 
additions  to  the  system. 

The  model  utilizes  two  different  approaches,  one  for 
the  short  range  forecast,  and  one  for  the  long  range 
forecast.  The  short  range  forecast  is  for  a  period  of  three 
years  and  is  based  on  a  combination  of  opinion  polling  and 
time  series  analysis  using  the  Box-Jenkins  methodology.  For 
long  range  forecasting  a  logistics  model  is  used  to  forecast 
the  maximum  development  level  within  the  switching  center 
area  and  the  time  of  its  ocurrence. 
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CHAPTER  I 


INTRODUCTION 


1.1  Purpose 

The  purpose  of  this  study  is  to  design  a  computerized 
system  for  forecasting  telecommunications  demand  within  an 
integral  system  (i.e.  a  city). 

A  reliable  forecasting  model  acts  as  a  basis  for: 

(1)  budgeting; 

(2)  conversion  of  costs  into  corresponding  rate 
structures; 

(4)  monitoring  costs  for  comparison  purposes  between 
companies ; 

(5)  the  organization  of  cost  data  for  optimization 
studies;  and 

(6)  manpower  planning 

The  model  is  designed  to: 

(1)  provide  long  range  and  short  range  forecasts  of 
telecommunications  demand  for  an  integral  system 
(i. e.  a  city) ; 

(2)  be  compatible  with  existing  plant  and  both  current 
and  future  technology; 
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(3)  provide  flexibility  to  accommodate  changes;  and 

(4)  result  in  a  minimun  cost  to  operate. 
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1.2  Background 

The  design  of  a  total  system  for  a  teleccmmuncations 
industry  involves  four  major  subsystems  (23) .  They  are: 

(1)  demand; 

(2)  physical  plant; 

(3)  the  costing  of  physical  facilities;  and 

(4)  the  rate  structure. 

Their  interrelationship  is  shown  in  Figure  1.1.  A  major 
objective  of  any  carrier  should  be  to  design  an  optimization 
model  for  each  of  these  subsystems,  and  to  integrate  these 
subsystems  into  a  total  integral  system. 

The  telecommunications  facilities  consist  of  a  physical 
network  that  allows  verbal  and  data  communication  between 
users  of  the  system. 

The  telecommunication  plant  should  be  classified  under 
two  major  headings: 

(1)  support  facilities  (service  and  administration) ; 

(a)  land; 

(b)  buildings; 

(c)  office  furniture  and  equipment;  and 

(2)  operating  facilities; 

(a)  subscriber  station  equipment; 
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Figure  1.1  The  Total  System  for  The  Telecommunications  Industry 


(b)  outside  plant  facilities;  and 

(c)  central  office  facilities. 
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The  support  facilities  include  all  physical  facilities 
necessary  to  perform  the  administrative  and  service 
functions  such  as  accounting,  corporate  planning,  research 
and  development,  and  engineering. 

The  subscriber  station  equipment  represents  the 
equipment  utilized  by  a  subscriber  at  point  A  to  communicate 
with  a  subscriber  at  point  B.  The  network  facilities 
(outside  plant,  station  connection  and  central  office 
equipment)  represent  the  telecommunications  equipment 
necessary  to  transport  the  message  from  point  A  to  point  B. 
For  ease  of  costing  and  developing  rate  structures,  the 
following  classi f ications  of  plant  are  used. 

1.2.1  Classi fi cat ion  of  Plant 

The  total  telecommunications  network  can  be  classified 
into  seven  major  classes  (23).  They  are: 

(1)  subscriber  station  equipment; 

(2)  subscriber  loops; 

(3)  local  switching  (local  exchange  switching  centers) ; 

(4)  exchange  trunking  (local  inter-exchange  trunks) ; 

(5)  toll  connecting  trunks  to  local  exchange 
(connecting  trunk  lines  between  toll  switching 
centers  and  local  switching  centers)  ; 

(6)  toll  switching  (toll  exchange  switching  centers) ; 
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and 

(7)  toll  trunking  (connecting  trunks  between  toll 
switching  centers)  . 

The  importance  of  measuring  the  interaction  between 
these  subsystems  with  some  degree  of  accuracy  in  order  to 
develop  a  near  optimal  telecommunications  system  cannot  be 
overemphasized.  For  example,  the  gross  local  additions  per 
telephone  are  approximately  $1300.00.  In  addition,  a 
nominal  saving  of  one  percent  in  capital  costs,  based  on  the 
present  rate  of  telecommunications  capital  investment  in 
Canada,  represents  in  the  order  of  $20,000,000  or  for  a  city 
of  500,000  people  an  annual  saving  of  at  least  $400,000  can 
be  expected.  A  one  percent  saving  in  capital  budgeting 
costs  with  no  loss  in  service  level  is  a  conservative 
estimate  of  the  possibilities  open  to  each  individual 
carrier. 

1.2.2  Optimization  Within  the  Total  System 

The  optimization  of  the  total  Canadian  communications 
system,  including  all  local  and  toll  networks,  as  an 
individual  entity  does  not  appear  to  be  practical  within  the 
realm  of  existing  computer  technology.  However,  fortunately 
a  high  degree  of  optimization  within  the  total  system  is 
possible  by  considering  each  city  or  rural  community  as  an 
integral  system  with  the  toll  connecting  facilities  being 
the  tie  nodes  with  other  integral  communica tions  systems 
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throughout  Canada  and  the  world. 


The  switching  center  area  is  considered  the  critical 
building  block  within  an  individual  system  (a  switching 
center  area  or  an  exchange  area  is  the  area  serviced  by  an 
individual  switching  center).  Therefore,  all  information 
with  respect  to  the  design  of  a  near  optimal  network  such  as 
forecasting  data  and  physical  facilities  will  be  generated 
by  switching  center  area.  The  interaction  between  other 
individual  switching  center  areas  within  the  system  (i.e.  a 
city  )  and  the  impact  of  each  switching  center  area  on  the 
toll  system  must  be  carefully  monitored  and  converted  into 
capital  and  operating  budget  requirements.  Figure  1.2  is  a 
schematic  representation  of  a  switching  center  area  as  a 
building  block  (23). 


There  are  four  basic  planning  units  that  should  be 
considered  in  the  development  of  a  switching  center.  They 
are: 

(1)  lines  (subscriber  loops) ; 

(2)  hundred  call  seconds  (CCS) ; 

(3)  call  attempts  (CA)  ;  and 

(4)  grade  of  service. 


In  actual  practice  knowledge  of  the  number  of 
subscriber  loops  and  the  type  of  subscriber  station 
equipment  tied  to  these  loops  is  sufficient  to  design  a 
system.  The  planning  units  CA  and  CCS  are  directly  related 
to  the  number  of  lines  and  the  type  of  terminal  equipment. 
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‘Figure  1#?  The  Switching  Center  Area  ps  A  Building  Block 
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For  example  a  PABX  system  generates  on  an  average  11.5  CCS 
per  line.  Grade  of  service  can  be  considered  as  an 
endogenous  unit  being  under  the  control  of  the  company. 
Thus  the  forecast  of  subscriber  loops  is  a  major  input  to  an 
optimal  placement  of  facilities.  From  a  knowledge  of  the 
type  of  subscriber  station  equipment  and  subscriber  loops 
dedicated  to  the  equipment,  one  can  arrive  at  the  planning 
unit  requirements.  The  forecasts  for  these  four  basic 
planning  units  can  then  be  used  to  optimize  the 
telecommunications  facilities  design. 

1.3  S cope  and  Methodology 

Figure  1.3  shows  the  flow  chart  for  the  forecasting 
model.  The  total  system  is  divided  into  switching  center 
areas,  the  basic  building  blocks.  Both  long  range  ( 
including  the  maximum  development  level)  and  short  range 
(three  year  period)  forecasts  of  demand  for  subscriber  loops 
are  made  for  each  of  these  switching  center  areas  using  the 
time  series  data  and  the  exogenous  data.  Individual 
switching  center  area  short  range  forecasts  are  allocated  to 
local  areas  within  the  switching  center  area  from  a 
knowledge  of  city  development  plans. 

The  forecasting  technique  recommended  in  this  report 
uses  a  combinatorial  approach.  For  short  range  forecasting 
a  combination  of  quantitative  technique  (the  Box-Jenkins 
methodology)  and  a  qualitative  technique  (opinion  sampling) 
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Figure  1.3  A  Flow  Chart  of  The  Forecasting  Model  to  predict 
Telecommunications  Demand 
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is  used.  For  long  range  forecasting  a  logistic  model  is 
used  to  forecast  the  maximum  development  level  and  the  time 
of  its  occurrence.  These  estimates  are  further  modified 
using  subjective  judgement.  The  short  range  forecast  for  a 
switching  center  area  is  allocated  to  small  regions 
(geographic  modules)  within  the  area  on  the  basis  of  the 
growth  potential  of  these  individual  modules. 
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CHAPTER  II 


THE  NATURE  OF  TELECOMMUNICATIONS  DEMAND 


Forecasting  the  telecommunications  demand  requires 
attention  to  its  peculiar  nature  .  An  important  concern  in 
this  problem  is  the  need  to  recognize  the  different 
categories  of  demand.  Telecommunications  demand  is  not  a 
simple  variable.  It  is  a  complex  phenomenon  made  up  of 
components  having  different  characteristics.  It  includes 
demand  for  telecommunications  equipment  used  by  the 
subscriber,  increase  in  telecommunications  traffic, 
additional  requirements  of  outside  physical  plant  and 
switching  centers,  demand  for  connects  and  disconnects, 
additional  manpower  requirements,  and  additional  revenues 
and  investments. 

Owing  to  the  different  characteristics  of  the 
telecommunications  demand,  forecasts  have  to  be  made 
separately  for: 

(1)  company  revenues; 

(2)  total  messages; 

(3)  telephone  demand; 

(4)  telephone  usage;  and 

(5)  manpower  requirements. 
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The  forecasts  of  revenues,  expenses  and  the 
construction  program  for  a  telecommunications  utility 
dictate  the  need  to  raise  new  capital.  The  forecasts  of 
telephone  demand,  telephone  usage,  and  total  messages  are 
needed  to  engineer  new  systems.  The  forecasts  of  manpower 
requirements  are  prerequisites  of  manpower  planning.  These 
variables  are  sufficiently  different  to  warrant  separate 
statistical  analysis.  Each  application  gives  rise  to  its 
own  forecasting  needs. 

Local  area  main  station  forecasts  are  needed  for  a 
period  of  approximately  three  years  into  the  future  because 
of  the  lead  time  required  to  design,  manufacture  and  install 
an  addition  to  an  existing  plant.  However,  for  manpower 
planning  purposes,  monthly  changes  in  both  inward  and 
outward  movement  are  particularly  important.  The  inward 
station  movement  in  a  given  month  is  the  sum  of  residence 
and  business  main  telephone  installations,  extension  phone 
installations  and  some  minor  categories  in  that  month.  The 
outward  station  movement  consists  of  removal  and  disconnects 
in  these  categories. 

This  report  is  tuned  to  the  problem  of  forecasting  net 
gain  in  the  yearly  demand  so  as  to  enable  a 
telecommunications  company  to  optimally  add  additions  to  the 
system.  Therefore,  monthly  connects  and  disconnects  are  not 
analyzed.  We  are  interested  in  net  line  growth  and  not 
connects  and  disconnects.  Monthly  telephone  movement  series 
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typically  have  a  very  strong  twelve  month  (i.e.  annual) 
seasonal  pattern.  In  addition  to  this  there  is  in  many 
cases  a  less  strong  but  significant  three  month  seasonal 
pattern.  Accurate  forecasts  of  telephone  gain  are  important 
inputs  for  both  short-  and  long-term  planning.  However, 
this  does  not  mean  that  monthly  forecasts  of  telephone 
movement  should  be  ignored.  They  are  particularly  important 
for  scheduling  the  installation  forces,  ensuring  an  adequate 
supply  of  telephones  and  associated  facilities  .  Besides, 
they  are  a  hey  indicator  of  the  company's  business. 

2. 1  Components  of  Telecommunications  Demand 

The  subscriber  station  equipment,  also  called  the 
terminal  media,  can  be  generally  classified  into  seven 
categories : 

(1)  telephone; 

(2)  voice  grade  data  terminal  using  direct  dialing; 

(3)  vid  eo  telephone  or  T. V. ; 

(4)  high  speed  data  terminal; 

(5)  digital  telecommunication  terminal; 

(6)  transaction  teletypes,  etc;  and 

(7)  special  data  communications  (computer,  data  banks, 
etc. ) . 

Telecommunications  service  is  further  divided  into  two 
categories : 


(1)  residence;  and 
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(2)  business  (including  public  sector  and  government) . 
These  categories  cannot  be  aggregated  owing  to  their 
different  chara teristics.  In  addition,  the  demand  in  each 
of  these  categories  and  other  terminal  media  can  be 
subdivided  into  four  subcategories: 

(1)  basic  growth; 

(2)  customer  movement; 

(3)  replacement;  and 

(4)  special  programs. 


Basic  growth  demand  is  determined  for  the  most  part  by 
the  expressed  or  reasonably  expected  requirements  for  the 
telecommunications  services.  These  requirements  are  a 
function  of  the  general  economic  climate  ,  the  demographic 
pattern  of  customers,  and  the  package  of  service  offered. 
This  demand  appears  as  a  requirement  for  new  capacity  on  the 
network  and  a  request  for  additional  te lec cmmunications 
hardware  for  the  provisioning  of  both  local  and  inter-city 
service.  Some  55  to  60  percent  of  the  construction  program 
is  invested  in  this  component. 


Customer  movement  triggers  the  demand  for  relocating 
the  telecommunications  equipment  for  those  who  change  their 
physical  location  (within  the  territory) .  This  factor  may 
seem  like  a  trivial  item  but  almost  two  million  existing 
telephones  were  disconnected  and  reconnected  in  1S76  in  the 
total  Bell  Canada  system  simply  to  meet  the  demand  of 
customers  who  relocated.  Once  again  the  need  for  forecasts 
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of  monthly 

connects 

and 

disconnects 

need 

not 

be 

o varemphasi zed 

.  Some 

ten 

to  fifteen 

percent 

of 

the 

investment  is 

spent  in 

this  area  of  service. 

Most 

of 

this 

money  goes  into  operating  wages. 

Replacement  of  retired  or  damaged  plant  and  equipment 
amounts  to  some  three  to  five  percent  of  the  total 
expenditure. 

Special  programs  constitute  the  remaining  portion  of 
total  telecommunications  demand.  These  programs  are 
designed  to  improve  service,  to  introduce  new  equipment  in 
order  to  increase  efficiency,  and  to  incorporate 
technological  innovations.  Some  of  these  programs  may  be 
directly  related  to  a  unique  form  of  demand,  such  as 
government  communications  and  satellite  communications. 

2.2  Characteristics  of  the  Components  of  Demand 

New  residential  telephone  demand  is  closely  related  to 
new  household  formation.  While  it  is  true  that  demand  for  a 
second  mainstation  within  the  same  household  is  rising,  this 
demand  is  still  very  small  as  compared  to  the  demand 
generated  by  new  households.  In  the  housing  market, 
mortgage  interest  rates  are  an  important  determinant  of 
demand.  Interest  rate  elasticity  has  been  used  in 
forecasting  the  demand  for  housing  construction.  Studies 
have  indicated  that  interest  rate  elasticity  of  residential 
housing  demand  is  about  -0.15.  Residential  telephone  demand 


r 


XC 


■ 


. 

' 


16 


is  also  sometimes  sensitive  to  price,  though  slightly. 
However,  there  are  indications  that  demand  for  telephone 
service  is  characterized  by  strong  habit  formation.  The 
overall  trend  of  residential  gain  is  fairly  regular.  The 
residential  telecommunications  demand  growth  is  a  function 
of  two  factors: 

(1)  dwelling  unit  activity;  and 

(2)  household  formation. 


Dwelling  unit  formation  is  further  a  function  of  population 
growth,  economic  growth,  and  the  migration  pattern. 
Household  formation  is  in  turn  dependent  upon  marriage  rate, 
population  growth  and  average  personal  disposable  income. 


In  some  areas  special  residential  services  such  as 
multiparty  telephones  are  provided.  But  they  constitute  a 
small  fraction  of  the  total  residential  lines.  It  has  to  be 
assumed  that  multiparty  phones  do  not  have  an  impact  on  the 
number  of  telephone  lines  demanded. 


Business  demand  seems  to  be  very  much  related  to 
fluctuations  in  both  general  and  local  business  conditions. 
Most  processes  in  business  and  economics  are  very  complex 
and,  in  many  cases,  not  even  well  understood  because  of  a 
large  number  of  factors  with  complex  interactions  involved. 
For  example,  a  firm's  net  income  is  usually  affected  by 
economy-wide  factors  such  as  the  interest  rate  and  price 
level  fluctuati cns.  For  business  the  income  elasticity  for 
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the  short  run  is  1.55.  GNP  has  been  used  as  a  proxy  for 
economic  activity  in  the  design  of  many  forecasting  systems. 
In  the  context  of  business  telecommunications  demand 
distinction  must  be  made  between  highly  telephone  intensive 
organizations  such  as  commercial  banks,  insurance  companies 
and  brokerage  companies,  and  those  which  are  not  highly 
telephone  intensive  such  as  manufacturing  organizations. 
Business  telecommunications  demand  is  also  very  closely 
related  to  the  number  of  white  collar  workers  in  a  given 
area.  Though  a  trend  does  exist  in  the  long  run  for 
business  demand,  in  the  short  run  business  gain  depicts  no 
trend.  Business  telecommunications  growth  is  subjected  to 
many  constraints  of  the  local  area  and  the  total  system, 
such  as  costraints  of  investment,  production,  fluctuations 
in  the  economic  activity  etc. 

The  business  telecommunications  demand  can  be 
quantified  in  terms  cf  factors  such  as: 

(1)  GNP; 

(2)  change  in  GNP; 

(3)  price  of  the  telecommunications  service; 

(4)  income  of  the  telecommunications  intensive 
companies;  and 

(5)  general  economic  activity  in  the  area. 

In  this  report  we  are  concerned  with  the  annual  line 
growth  both  in  the  residential  and  the  business  sector.  A 
line  is  a  subscriber  loop  connecting  the  subscriber  to  the 
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switching  center,  and  is  one  of  the  four  basic  planning 
units.  The  forecasts  of  residential  and  business  line 
growth  form  the  basis  for  determining  the  remaining  three 
planning  units  (i.e.  CCS,  CA ,  and  grade  of  service).  This 
total  information  can  then  be  used  for  budgeting  purposes. 
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CHAPTER  III 


ALTERNATIVE  SYSTEMS  FOR  TELECOMMUNICATIONS  FORECASTING 


Most  telecommunications  companies  have  some  system  for 
forecasting  purposes.  But,  many  companies  make  little  or  no 
use  of  statistical  techniques.  Some  companies,  however,  do 
use  such  techniques  for  making  aggregate  forecasts.  But 
such  forecasts  cannot  be  used  for  detailed  network  and 
service  planning,  since  they  usually  are  the  forecasts  of 
dollars  expended  annually  on  a  telephone  system.  The 
literature  survey  and  discussions  with  the  "edmonton 
telephones”  indicate  that  several  alternative  systems  of 
forecasting  are  in  use  to  a  degree  by  different  carriers. 
They  are: 

(1)  aggregate  forecasting; 

(2)  subscriber  station  equipment  forecasting; 

(3)  outside  plant  forecasting; 

(4)  market  development  area  concept;  and 

(5)  central  forecasting. 

3.1  Aggregate  Forecasting 

Aggregate  forecasts  are  made  for  use  in  econometric 
planning  models  which  attempt  to  interrelate  the  economics 
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of  demand,  production,  and  finance  into  a  framework  at  the 
corporate  level.  The  demand  for  telecommunications  service 
is  determined  by  the  state  of  the  national  economy, 
demography,  prices  and  consumer  tastes.  These 

interrelationships  are  represented  by  a  forecast  module. 
One  such  module  has  been  developed  at  the  Bell  Laboratories 
(12)  .  To  avoid  unit  specification  and  service  aggregation 
problems,  demand  is  measured  by  a  surrogate  value  index 
measure  of  output  for  each  service.  This  surrogate  value  is 
derived  from  revenues  as  follows: 


R  /P  =Q  =  a  measure  of  the  quantity  demanded  of  service 

it  it  ib 


i  at  time  t ; 
where : 

R  =revenue  from  service  i  at  time  t;  and 

lb 


P  =  price  index  of  service  i  at  time  t. 

it 


Demand  equations  for  local  service,  message  toll  and  other 
toll  services,  wide  area  telephone  service,  and  private  line 
service  have  been  estimated  using  the  following  form  (12): 

log  (Q  )=  a  +  b  log(Q  )+  c  log  (  Y  /  P  ) 

it  v.  i-  \,t-l  u  ‘«t  .t 

ir 

+  dlog(P/P)  +n  log  (  Z  ); 

'it  t  l  it 
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Q  =  habit  variable; 

l>i 

Y  =  income  level  variable; 

i  b 
*■ 

P  =  price  index;  and 

Z  =  market  potential  index. 

it 


The  past  level  of  consumption,  Q  f  is  used  as  an  indicator 


of  tastes  and  habit  formation.  Unlike  consumer  durables. 


consumption  of  services  has  a  strong  habit  forming  element. 


Another  variable  used  is  the  total  telephones  excluding 


residential  exte nsions  (1 2)  : 


log (  TT/N  )=  2.7170  +  0.7807  log  (  TT/N  ) 

b  1 

-  0.0167  log  (  PLOC/  PGNP)  +  0.  0846  log  (  GNP/N  ); 


where : 

TT=total  telephones,  excluding  residential  extensions; 
GNP=  gross  national  product; 

PL0C=  local  telephone  service  price  index; 

PGNP=  implicit  GNP  deflator;  and 
N=  population,  16  years  of  age  and  over. 


3.2  Subscriber  Station  Equi pment  Forecasting 

The  forecast  is  provided  in  terms  of  the  number  of 
telephones  by  type.  The  residential  demand  for  telephones 
is  forecast  by  projecting  the  trend  of  main  station 
telephones.  The  projection  is  made  separately  for  each 
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switching  center  area.  The  business  demand  is  forecast  by 
making  projections  of  the  line  growth  in  each  of  the  major 
switching  center  areas  in  various  categories  such  as  PABX, 
centrex,  key  and  multilines.  The  trend  is  modified 
qualitatively  by  judgement  regarding  the  economic  potential 
of  switching  center  area.  Each  forecast  is  for  a  fifteen  to 
twenty  year  period.  Revisions  are  made  when  short  term 
appraisals  show  the  trend  to  be  in  error,  or  when  building 
additions  or  commercial  complex  starts  are  made  in  that 
area.  Projections  of  the  growth  of  main  business  and 
residential  telephones  are  made  for  an  integral  system  (i.e. 
a  city) .  These  projections  are  used  as  a  control  by 
comparing  the  projections  with  the  sum  of  individual  area 
forecasts. 

3 . 3  Outside  Plant  Forecasts 

The  integral  system  (i. e. a  city)  is  divided  into  groups 
of  switching  center  areas.  Forecasts  are  made  for  each  of 
these  areas  for  a  period  of  two  to  three  years.  No  time 
series  is  used.  Instead  each  person  responsible  for  these 
areas,  makes  field  trips  and  conducts  interviews  with  real 
estate  agents  and  land  developers.  The  forecasts  are  made 
in  terms  of  subscriber  loops  needed.  Since  the  forecasts 
are  made  by  outside  plant  engineering  personnel  and  are  used 
exclusively  for  planning  outside  plant,  these  forecasts  are 
called  outside  plant  forecasts.  These  forecasts  may  be 
heavily  biased  by  the  individual's  intuitive  judgement. 
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3.4  Market  Development  Area  Concept 


British  Columbia  Telephones  introduced  the  Market 
Development  Area  concept  with  the  aim  of  increasing 
productivity  in  the  completion  of  outside  plant  forecasts 
(15) .  In  essence  it  is  a  computerized  forecast  allocation 
system.  Forecasts  are  made  for  each  switching  center  area, 
using  an  analysis  of  past  data  and  current  economic 
conditions.  A  typical  switching  center  area  is  composed  of 
some  forty  smaller  areas  called  Market  Development  Areas 
(MDA)  which  may  include  a  few  blocks  or  several  hundred 
acres  .  Forecasts  are  made  in  terms  of  residential  main, 
business  main,  PBX  trunks,  centrex,  and  special  lines.  The 
number  of  main  stations  are  distributed  to  the  MDA's,  and 
then  the  subscriber  loops  are  calculated  for  each  MDA.  The 
distribution  process  has  two  stages.  The  first  stage  is  to 
breakdown  the  total  predicted  main  stations  in  a  switching 
center  area  to  each  individual  MDA.  The  next  step  is  to 
distribute  grades  of  service.  MDA's  are  classified 
according  to  low,  medium,  or  high  growth  potential,  each  of 
which  is  given  an  appropriate  weighting,  generally  1,  6,  and 
12  repectively.  This  system  has  been  in  operation  for  about 
a  year.  The  company  hopes  to  save  four  man  years  on  annual 
forecasts  through  the  use  of  the  computerized  allocation 
system. 


V 


„a-3rt;£  18  to*  i.£  KB  ■  <** 


■  t  1  •.  .  <  .  :  v  | 

•  -C 


■  •  ■ 


/IOl*  AOOllfi 


24 


3.5  Central  Forecasts 

The  so-called  central  forecasts  are  made  by  the 
commercial  methods  department  in  some  telephone  companies. 
For  example  forecasts  are  made  for  a  total  city,  and 
individual  switching  center  areas.  The  forecasts  consist  of 
the  following  parameters: 


(1) 

population  and  household  formation; 

(2) 

terminals  by  area, 

(a)  in  service,  and 

(b)  gain  (yearly)  ; 

(3) 

total  telephones  by  area; 

(4) 

business  telephones  for  the  total  city; 

(5) 

residential  telephones  for  the  total  city; 

(6) 

business  telephones  by  area; 

(7) 

residential  telephones  by  area;  and 

(8) 

business  telephones  by  type  for 

(a)  each  area. 

(b)  the  total  city. 
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CHAPTER  IV 


THE  SYSTEM  SELECTED  FOR  DETAILED  DESIGN 


In  order  to  conform  with  the  requirements  of  the  total 
system  to  optimize  to  the  maximum  degree  possible  the 
placement  of  the  telecommunications  plant,  annual 
telecommunications  demand  will  be  measured  in  terms  of  the 
line  growth  by  switching  center  area.  Two  types  of 
forecasts  will  be  made: 

(1)  A  long  range  forecast  to  estimate  the  potential 
aggregate  line  growth  within  each  switching  center 
area;  and 

(2)  A  short  range  annual  forecast  for  a  period  of  three 
years.  The  short  range  forecasts  represent  the 
detailed  demands  of  small  local  areas  (modules)  within 
a  switching  center  area. 

The  allocation  cf  demand  within  a  switching  center  area 
is  made  with  the  help  of  city  development  plans.  The 
leading  indicators  such  as  household  formation,  industrial 
complex  development  and  building  starts  determine  the  manner 
in  which  the  telecommunications  demand  will  be  distributed. 
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4.1  The  Systems  Framework 

The  system  has  four  subsystems: 

(1)  selection  of  forecasting  modules  within  a  switching 
center  area; 

(2)  selection  of  a  forecasting  technique; 

(3)  selection  of  a  demand  location  technique;  and 

(4)  selection  of  subscriber  station  equipment 

categories. 

4.2  Selection  of  Forecasting  Modules  within  an  Area 

For  an  optimal  design  of  telecommunica tions  facilities 
it  is  very  important  to  know  precisely  the  distribution  of 
telecommunications  demand  within  a  switching  center  area. 
Forecasts  of  demand  for  small  areas  within  a  switching 
center  area  are  made  using  the  data  pertaining  to  each  of 
these  areas  or  modules.  The  alternatives  available  for 
selecting  the  modules  for  allocating  demand  are: 

(1)  using  the  serving  area  concept; 

(2)  using  physical  plant  network  interfaces; 

(3)  using  homogeneity  criteria;  and 

(4)  using  a  combination  of  the  above. 

4.2. 1  The  Serving  Area  Concept  (SAC) 

The  Serving  Area  Concept  (SAC)  was  developed  by  the 
Bell  Laboratories  in  order  to  achieve  full  utilization  of 
the  cable  network,  and  ease  of  administration  (22). 
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According  to  SAC,  each  switching  center  area  is  divided  into 
service  planning  areas.  The  service  planning  area  is  the 
geographic  area  having  a  common  gauge  requirement  and  a 
common  number  of  load  points.  The  service  planning  area  is 
further  divided  into  smaller  areas  known  as  distribution 
serving  areas.  The  criterion  for  establishing  distribution 
serving  areas  is  that  in  each  distribution  serving  area  the 
distribution  plant  is  connected  to  feeder  plant  at  a  single 
location.  These  distribution  serving  areas  could  be 
selected  as  modules  for  forecast  allocation. 

4.2.2  Physical  Plant  Network  Interfaces 

A  switching  center  area  is  serviced  by  a  network  of 
feeder  and  distribution  cables.  Interfaces  are  used  to 
connect  the  distribution  network  to  the  feeder  network,  or 
to  connect  feeders  to  feeders,  or  to  connect  distributers  to 
drop  lines.  Manholes,  jumper  wire  interfaces,  and  terminal 
cans  are  some  of  the  interfaces  used  in  the  outside  plant. 
Thus  areas  serviced  by  plant  originating  from  an  interface 
such  as  a  vault  or  a  manhole  can  be  specified  as  modules  for 
which  forecasts  are  to  be  made.  Alternatively  areas 
serviced  by  each  feeder  cable  can  be  designated  as  modules 
for  forecasting  purposes. 

4.2.3  Physical  Division 


A  switching  center  area  can  be  divided  with  the  help  of 
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natural  features  such  as  rivers,  lakes  and  parks. 

4.2.4  Homogenous  Areas  Concept 

Some  criteria  of  homogeneity  such  as  subscriber  mix  or 
subscriber  density  can  be  used  to  create  modules  within  a 
switching  center  area. 

4.2.5  The  System  Selected  for  Detailed  Design 

Forecasts  of  smaller  areas  are  necessary  to  pinpoint 
requirements.  It  is  suggested  that  forecasts  be  made 
initially  for  the  switching  center  area  as  a  whole  using  the 
data  available  for  that  area,  and  the  forecasted  demand  be 
allocated  to  the  smaller  areas  in  a  manner  that  assures 
accurate  forecasts.  A  module  should  have  reasonably 
homogenous  demand  within  itself.  Major  concentrations  of 
demand  such  as  high  rises  should  be  pinpointed  and  will 
likely  represent  an  individual  module.  However,  if  included 
in  a  module  which  otherwise  has  a  uniform  subscriber 
concentration  the  remaining  demand  allocated  to  the  module 
should  be  distributed  uniformly  to  the  remaining  demand 
points  throughout  the  module.  To  accomplish  this  objective 
five  criteria  of  homogeneity  are  used: 

(1)  subscriber  mix  i.e.  the  area  should  be 

predominantly  either  business  or  residential; 

(2)  growth  rate  should  be  uniform; 

(3)  areas  within  the  module  should  reach  saturation 
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simulta  neously ; 

(4)  subscriber  density  should  be  the  same;  and 

(5)  the  modules  should  be  located  outside  natural 
barriers  such  as  rivers,  channels,  lakes,  etc. 

The  main  crux  of  the  problem  is  to  identify  these  modules 
using  the  above  criteria,  and  to  allocate  the  total  demand 
to  each  of  these  modules. 

Figure  4.  1  shows  the  flow  chart  for  identifying  the 
modules.  The  process  essentially  divides  the  switching 
center  area  into  small  and  uniform  areas.  Initially  each 
area  is  divided  into  predominantly  business  and  residential 
strongholds.  Predominantly  implies  the  state  when  the  ratio 
of  lines  in  one  subscriber  group  to  total  lines  is  greater 
than  0.75.  The  areas  where  the  ratio  is  smaller  are 
considered  mixed  and  form  a  separate  module  .  These  areas 
are  equally  balanced  so  far  as  business  and  residential 
subscriber  density  is  concerned.  Thus,  these  areas  are 
treated  both  as  residential  and  business;  they  are  virtually 
two  different  modules  though  having  the  same  location. 
Next,  each  residential  and  business  macro-module  is  divided 
into  discrete  areas,  each  having  a  uniform  range  of 
subscriber  density.  For  each  of  these  modules  thus  formed 
an  index  called  the  growth  potential  is  calculated.  It  is 
representative  of  previous  growth  and  current  expectations. 
It  is  suggested  that  such  an  index  be  defined  as; 
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Figure  4.1  Flow  Chart  for  Identification  of  Geographic  Modules 
for  Forecast  Allocation 
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Growth  Potential=  (Past  Local  Gain  /  Past  Total 
Gain)  (1-  Current  Density/  Ultimate  Density) 

where  local  gain  and  total  gain  refer  to  gain  in  lines  for 
the  specific  module  and  the  total  switching  center  area 
respectively.  This  factor  can  be  modified  using  subjective 
judgement.  The  ultimate  density  is  the  density  in  that  area 
at  the  time  of  ultimate  provision  of  lines.  The  forecasted 
growth  for  each  residential  and  business  category  is 
allocated  using  the  growth  potential  index.  The  modules  are 
named  A,  B,  C,  etc.  and  other  characteristics  as  shown  in 
Table  4.1  are  recorded.  Separate  formats  are  maintained  for 
residential  and  business  groups. 


4.3  Select on  of  a  Forecasting  Technique 

Many  techniques  are  available  for  forecasting.  They 
can  be  broadly  classified  as: 

(1)  intuitive  judgement; 

(2)  opinion  sampling  ; 

(3)  time  series  analysis; 

(4)  correlation  analysis;  and 

(5)  combination  of  above. 

Each  technique  is  suitable  to  a  particular  forecasting 
problem.  The  selection  of  a  technique  for  forecasting  is 
dictated  by  the  following  criteria: 
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Table  4.1 


Switching 


Module 


Format  for  Forecast  Allocation  to  Modules  within  A 
Switching  Center  Area. 


Center 


Residential  Forecast 


Area 

(sq.  miles 


Density 

Growth 

(lines  per  sq. 

Potential 

mile  ) 
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(1)  purpose  of  the  forecasts; 

(2)  availability  and  length  of  the  data  base; 

(3)  nature  of  the  demand  variables; 

(4)  knowledge  about  the  contingent  events; 

(5)  the  forecast  horizon; 

(6)  degree  of  sophistication;  and 

(7)  cost. 

Short  Range  Forecasting 

Household  telephones  are  necessarily  goods  which  are 
retained  even  if  the  user  cost  is  high  or  income  is  low. 
These  variables  are  insignificant.  The  improvement  in  the 
quality  of  service  caused  by  new  technology  such  as 
automation  etc. ,  are  strong  arguments  in  the  demand 
function,  and  since  technology  is  still  improving  they  will 
not  change.  The  demand,  therefore,  depends  upon  the 
potential  market,  that  is,  the  number  of  customers  not 
having  a  telephone  set. 

The  usual  indicators  of  this  market  are  the  rate  of 
household  and  dwelling  unit  formation.  However,  in  certain 
cases  such  as  high  past  vacancy  rates  and  low  residential 
activity,  these  indicators  fail  to  lead  the  demand.  An 
analysis  of  the  time  series  furnishes  the  forecaster  with 
additional  insight  into  demand  forecasting. 


It  is  suggested  that  a  combination  of  opinion  sampling 
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and  time  series  analysis  be  used  in  forecasting  short  range 
demand.  In  forecasting  telecommunications  demand  there  is 
rarely  one  technique  that  is  superior  to  others  across  all 
dimensions.  A  combination  of  forecasting  techniques  are 
frequently  more  accurate  because  more  information  is  used  to 
compile  a  composite  forecast. 


Opinion  Polling 


Demand  for  telecommunications  can  undergo  sudden 
upswings  or  downswings  when  there  are  abrupt  surges  or  lulls 
in  the  local  economy  and  construction  activity.  In  such 
instances  the  past  is  expected  to  be  a  poor  guide  to  the 
future  activity.  Qualitative  methods  such  as  opinion 
polling  are  useful  in  anticipating  these  turning  points. 
One  of  the  most  direct  and  widely  used  methods  of  generating 
a  forecast  is  to  sample  the  opinions  of  one  or  more 
individuals  who  are  knowledgeable  in  the  specific  area  under 
consideration.  For  example  in  the  field  of 
telecommunications  and  associated  areas  there  are  many 
individuals  who  are  knowledgeable  with  respect  to  the 
expected  demand  for  the  future  services.  A  forecast  may  be 
derived  from  a  general  consensus  arrived  at  from 
interviewing  these  individuals. 


It  is  suggested  that  a  formal  interviewing  program  be 
established  on  a  pattern  similar  to  that  of  the  well  known 
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Delphi  technique  (6) .  The  purpose  is  to  make  effective  use 
of  the  'informed  intuitive  judgment'  of  the  individuals 
recognized  as  leaders  in  the  particular  field  under 
question.  A  constructive  and  systematic  use  of  the  opinions 
can  be  made  by  assuring  that: 

(1)  the  'experts'  are  selected  carefully;  and 

(2)  the  communication  with  these  "experts"  is 
facilitated  as  much  as  possible, to  eliminate  to  the 
maximum  degree  possible  any  misunderstanding  and 
thus  misinterpretation. 

The  traditional  method  of  achieving  a  consensus  of 
experts  has  been  to  meet  with  these  individuals  collectively 
and  ask  for  a  statement  of  group  position.  However,  this 
procedure  is  apt  to  give  a  forced  compromise,  more  often  as 
a  result  of  some  individuals'  authoritarian  attitude.  The 
Delphi  technique  is  designed  to  overcome  this  drawback.  It 
eliminates  'committee  activity'  and  replaces  it  with  a 
program  of  sequential  individual  interrogation  (usually  best 
conducted  by  questionnaires) .  These  questionnaires  are 
interspersed  with  information  and  feedback  based  on  the 
opinions  of  each  individual  in  the  group. 

Two  main  sources  of  expert  opinion  can  be  identified 
within  any  given  field: 

(1)  sources  internal  to  the  organization;  and 

(2)  sources  external  to  the  organization. 
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The  final  breakdown  of  internal  sources  will  vary  from 
company  to  company  within  the  telecommunications  industry 
depending  on  the  organizational  structure. One  such  breakdown 
is: 


(1)  the  outside  plant  personnel;  and 

(2)  the  marketing  personnel. 


The  outside  plant  engineers  are  a  very  reliable  source  of 
the  information  vital  for  forecasting.  These  individuals 
are  in  touch  with  the  'community'  and,  therefore,  have  a 
feel  for  the  trends  in  demand. 


The  marketing  personnel  are  familiar  with  economic 
factors,  migration  patterns,  land  use  plans  and  the 
advertizing  thrust.  Their  opinions,  therefore,  are  quite 
helpful  in  determining  the  demand  particularly  in  the 
business  sector. 


Sources  external  to  the  organization  are  mainly  the 
City  government  and  the  people  in  the  real  estate  business. 
These  sources  are  useful  in  indicating  where  future 

potential  telecommunications  demand  will  locate. 

Once  the  "experts"  have  been  selected  the  polling 
should  begin  in  a  well  planned  manner.  A  recommended 
procedure  is: 

(1)  distribute  the  initial  questionnaires,  and  receive 
the  estimates  of  the  demand; 

(2)  summarize  the  estimates  and  return  the  information 
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to  the  "experts"  along  with  the  additional 
information  generated  from  responses  to  the  first 
questionnaire,  or  demanded  by  the  experts,  and  a 
follow-up  questionnaire.  The  summary  should  state 
the  average  estimate  and  some  indication  of  the 
range  of  the  responses.  Such  an  indicator  could  be 
the  interquartile  range  which  is  an  estimate  of  the 
middle  50%  of  the  estimates.  The  experts  should  be 
asked  to  reconsider  their  earlier  estimates  and 
change  them  if  they  deem  likewise.  And  if  the  new 
estimates  are  still  outside  the  interquartile 
range,  they  should  substantiate  the  spread  with 
reasons ; 

(4)  if  some  of  the  estimates  still  remain  outside  the 
range  go  to  step  2,  otherwise; 

(5)  take  the  median  of  the  final  estimates  as 
representative  of  the  consensus. 

Often  the  convergence  of  estimates  is  achieved  in  three 
to  four  follow-ups.  However,  in  cases  where  the  convergence 
is  far  from  imminent,  one  can  discern  two  main  distinct 
values  emerging  as  central  tendencies.  This  could  be  the 
result  of  two  different  sets  of  data  having  been  distributed 
or  two  different  interpretations  of  the  same  information. 
In  such  cases  steps  should  be  taken  to  eliminate  the  reasons 
for  the  misinterpretation. 


The  final  estimates  based  on  opinion  polling  should  be 
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combined  with  those  arrived  at  through  time  series  analysis. 
The  method  of  weighting  the  two  forecasts  is  presented  after 
a  discussion  of  the  time  series  analysis. 

The  construction  of  an  appropriate  time  series 
forecasting  model  for  an  area  based  upon  its  own  past 

history  is  useful  not  only  in  producing  forecasts  when 
leading  indicators  are  not  known  or  available,  but  also  in 
providing  a  basis  for  comparison  with  models  incorporating 
information  from  appropriate  leading  indicators. 

Time  Series  Analysis 

Many  techniques  using  time  series  as  the  basis  for 

model  building  are  available.  They  can  be  classified  under 
three  major  categories,  though  specific  techniques  by  virtue 
of  their  characteristics  may  belong  to  more  than  one 

category.  They  are: 

(1)  smoothing  techniques; 

(2)  Box-Jenkins  technique;  and 

(3)  regression  techniques. 

Smoothing  Techniques 

The  rationale  of  smoothing  techniques  such  as  moving 
averages,  exponential  smoothing  and  other  forms  of  smoothing 
is  that  demand  is  subjected  to  random  fluctuations  and  that 
there  is  some  underlying  probability  distribution  whose 
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central  tendency  changes  with  time  (8) .  The  pattern  is 
represented  by  the  time  series.  The  smoothing  process 
involves  dis tinguishing  between  the  random  fluctuations  and 
the  underlying  basic  pattern. 

The  moving  average  model  can  be  represented  as  follows: 


A 

Z=  (Z  +Z  +Z  _ _  Z  )/n 

t+l  t  t-l  t-2.  t'JVH 


where  : 
a 

Z  =  the  forecast  for  the  time  t+1; 
t 


Z  =  the  actual  value  at  time  t;  and 


n  =  number  of  values  included  in  the  average. 

The  difficulty  with  the  basic  moving  average  model  is  that 
it  seems  implausible  that  weights  be  assigned  equally  to  all 
the  past  observations.  Also  computing  a  moving  average 
forecast  necessitates  the  use  of  considerable  computer 
storage. 


Intuitively  it  seems  more  reasonable  to  put  more  weight 
on  more  recent  observations  and  let  the  weights  decline  for 
older  observations.  Exponential  smoothing  satisfies  this 
requirement  and  eliminates  the  need  for  storing  the 
historical  values  of  the  variable. An  exponential  smoothing 
model  can  be  represented  as: 

A 

Z  =aZ  +  a(1-a)Z  +  a(1-a)Z  . . 

t+l  t  t_-l  t-2- 
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where  0<a<1. 

The  ratio  of  any  adjacent  pair  of  weights  is  the  fraction 

(1-a)  and  hence  is  said  to  decline  exponentially. The  above 

equation  can  be  expressed  as  follows: 

A  a  A 

Z  =Z  +£A(Z  -Z  ) 

fc.4 1  t  -fc  h 

wher  e : 

A 

(Z  -Z  )  is  the  error  in  the  old  forecast, 
b  t 

Forecasts  are  prepared  by  extrapolating  the  moving 

A 

average  (Z  ) ,  that  is  updated  at  the  end  of  each  period  t, 

A 

into  future  periods,  that  is,  Z  is  the  forecast  of  the  time 

t: 

series  value  for  the  period  t+ 1 ,  t+2  etc.  The  primary 
virtue  of  the  exponentially  weighted  moving  average  is  their 
great  computational  convenience.  However,  a  lack  of  a 
general  methodology  of  selection  among  alternative  models  is 
a  weakness  that  renders  it  less  attractive.  Based  on  this 
drawback  these  models  are  characterized  as  ad  hoc  models 
(19)  . 

Box- J enkins  Technique 

According  to  Box  and  Jenkins  (3)  there  are  three 
general  classes  of  models  that  can  describe  the  type  or 
pattern  of  specific  data.  They  are: 

(1)  an  autoregressive  model  ( AR) ; 

(2)  a  moving  average  model  (MA)  ;  and 

(3)  a  mixed  autoregressive  and  moving  average  (ARMA). 
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An  autoregressive  model  expresses  the  current  value  of 
the  series  as  a  linear  combination  of  past  values  that 
explain  the  current  observation  and  an  unexplained  portion 

'a  '  : 


Z  =0  Z  +0  Z  . 0  Z  +a 

t  i  t-t  X  t-2_  p  t-f  t 


where  : 

^represents  a  weighting  coefficient  for  the  pth  previous 

observation  Z  ;  and 

fc-p 

a  is  the  residual  term, 
t 


A  moving  average  model  assumes  that  the  current  value 
of  the  time  series  can  be  expressed  as  a  linear  combination 

A 

of  the  previous  forecast  errors  (Z  -Z  =a  ) : 

t  t  t 

Z  =a  -0  a  -G  a  ..,.0  a 
t  t  i  t-l  2-  t-2.  ^  t-<v 


wher  e : 


%  r  epresents  a  weighting  coefficient  for  the  gth  forecast 


error  a  . 


A  natural  extension  of  '  AR*  and  *  M  A '  models  is  to 


combine  the  two.  The  general  form  of  a  mixed  model  (ARMA) 
is: 

z  =1  Z  +0  Z  . . i  -Z  +a 

t  i  t-i  2-  -b-2.  9  fc-p  ^ 


~ 0  <2L  ~  Q  a  —  •  •  .......  0  a 
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According  to  Box  and  Jenkins  (3) ,  for  many  series 
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encountered  in  practice,  the  use  of  an  ’ AR  MA '  model  rather 
than  a  pure  'AR*  or  'MA'  model  results  in  fewer  parameters. 


The  Regression  Techniques 

These  techniques  depend  entirely  upon  the  past  history 
and  treat  the  forecast  variable  as  a  deterministic  function 
of  time.  A  commonly  used  model  uses  a  polynomial  in  time 


(20)  : 

All-  K 

2  =a  +a  t  +a  t  .......a  t 

t  o  i  2.  Y\ 


where  the  coefficients  are  to  be  determined  from  the  past 
history  using  regression  techniques.  The  forecasting 
properties  of  the  model  are  determined  by  the  degree  of  the 
polynomial  k.  Though  the  long  range  trend  may  conform  to 
the  form  of  the  function,  the  short  range  forecast  modeled 
on  a  deterministic  trend  cannot  be  relied  upon.  A  forecast 
based  on  a  deterministic  function  would  be  highly  systematic 
and  predictable,  which  is  hardly  tenable. 


Technique  Selected 

There  are  many  advantages  to  the  Box-Jenkins 
methodology.  The  most  important  advantage  is  that  it 
eliminates  any  need  to  assume  a  fixed  pattern  in  the  data. 
The  Box-Jenkins  approach  begins  with  a  tentative  pattern 


'i 


■J 


■ 


r 


43 


which  is  then  improvised  systematically  with  the  aim  of 
minimizing  the  error.  The  Box-Jenkins  methodology  is 
particularly  well  suited  to  handling  complex  time  series  and 
other  forecasting  situations  where  the  basic  pattern  is  not 
readily  apparent. 

Using  other  approaches  requires  that  the  analyst  use 
his  own  experience  as  a  basis  for  model  development.  They 
rely  on  plots  and  indexes  which  aid  in  identifying  the 
presence  of  trends  and  seasonal  patterns.  The  analyst  using 
the  Box-Jenkins  approach  does  not  arbitrarily  pick  a 
specific  model  but  instead  eliminates  inappropriate  models 
until  he  is  left  with  the  most  suitable  model. 

Using  traditional  methods,  the  estimation  of  parameters 
is  done  on  a  trial-and-error  basis.  It  involves  a 
considerable  amount  of  judgement  on  the  part  of  the  analyst. 
Box  and  Jenkins,  however,  present  a  systematic  approach  to 
the  determination  of  the  parameters. 

For  these  reasons  the  Box-Jenkins  approach  was  selected 
as  the  technique  for  time  series  analysis  and  short  range 
forecasting. 

In  view  of  the  distinct  charateristics  of  the 
residential  and  business  telecommunications  demand,  separate 
forecasts  are  made  for  each  type  of  demand  using  individual 
time  series.  Demand  for  telecommunications  in  business 
seems  to  be  most  affected  by  economic  activity  and 
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fluctuations  in  economic  activity.  Thus,  on  the  surface  it 
would  seem  that  an  obvious  candidate  for  a  business 
forecasting  model  could  be  a  multiple  regression  technique 
using  GNP,  price,  population,  etc.  as  the  independent 
variables.  Multiple  regression  is  essentially  a  structure 
model,  that  is  a  set  of  mathematical  functions  which  purport 
to  represent  causal  relationships  descriptive  of  the 
organization's  environment.  The  model  building  then 
involves  parameter  inference,  that  is,  estimation  of  values 
for  the  unknown  coefficients  from  historical  data  on  the 
variables  to  obtain  an  equation  of  the  type: 

BT=a+  b  (GNP) +  c  (POP)+  d  (PRICE); 
where : 

BT  is  the  demand  for  business  telephones; 

GNP  is  the  gross  national  product; 

POP  is  the  population; 

PRICE  is  the  representative  cost  of  service;  and 
a,  b,  c,  and  d  are  the  regression  coefficients. 

Thus  by  knowing  GNP,  POP,  and  PRICE  we  can  forecast  the 
business  telecommunications  demand.  The  problem,  however, 
is  that  we  do  not  know  the  future  values  of  these 
independent  variables.  Therefore,  one  is  faced  with  the 
problem  of  forecasting  these  parameters  before  being  able  to 
forecast  the  telecommunications  demand.  Thus,  the  model  has 
compounded  rather  than  solved  the  problem.  This  approach 
would  amount  to  putting  extra  time  and  resources  to  use. 
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The  Box-Jenkins  model  based  on  time  series  analysis  is 
more  ideally  suited  for  short  range  business 
telecommunications  forecasting  than  regression  techniques. 
It  has  the  built-in  capability  of  responding  to  fluctuations 
and  trends  as  may  be  caused  by  economic  factors.  As  a 
matter  of  fact,  Box-Jenkins  models  have  been  successfully 
used  to  forecast  the  GNP,. 


Combination  of  Forecasts 

A  number  of  alternatives  are  available  for  forming  a 
composite  forecast: 

(1)  averaging; 

(2)  historical  weighting;  and 

(3)  subjective  weighting. 


Averaging 

A  simple  average  of  the  two  forecasts  is  taken  for  each 
period. 

Historical  Weighting 

Sometimes  equal  weights  may  not  form  the  best  combined 
forecast.  One  alternative  to  simple  averaging  is  to  assign 
weights  on  the  basis  of  past  accuracy  of  the  individual 
forecasting  technique.  Thus  an  historically  more  accurate 
technique  would  usually  receive  more  weight. 
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Subjective  Weighting 

In  the  case  of  the  absence  of  information  on  past 
performance  or  where  past  performance  may  not  be  repeated  ( 
for  example  a  turning  point  situation)  it  may  be  more 
reliable  to  weight  the  forecasts  based  on  the  personal 
judgment  of  the  manager.  It  is  suggested  that  a  systematic 
weighting  system  be  introduced  and  that  the  weights  be 
reappraised.  For  this  purpose  the  performances  of  the 
individual  techniques  must  be  continually  monitored.  Only 
after  the  relative  accuracy  and  trustworthiness  of  the 
techniques  have  been  measured,  will  it  be  possible  to  assign 
weights  with  any  more  degree  of  confidence. 

Owing  to  the  lack  of  history  on  the  performance  of  the 
individual  techniques  a  tentative  weighting  has  been  used  in 
this  report.  Weights  of  .7  and  .3  were  assigned  to  the 
forecasts  using  time  series  analysis  and  opinion  polling 
respectively. 

In  summary,  the  method  recommended  for  weighting  the 
individual  forecasts  is  to  use  a  combination  weighting  based 
on  the  historical  data  and  the  judgment  of  the  analyst. 

Long  Range  Forecasting 

Telecommunications  is  essentially  a  utility  service  and 
the  nature  of  growth  of  subscriber  lines  is  similar  to  any 
other  utility.  If  the  geographic  boundaries  of  a  switching 
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center  area  are  not  altered  the  growth  of  total  lines  will 
follow  a  classic  logistic  curve  (  i.e.  a  flattened  S  shaped 
curve)  as  shown  in  Figure  4.2.  Initially  there  is  a 
steadily  accelerating  growth  which  is  almost  exponential. 
This  growth  is  followed  by  a  linear  trend  to  the  point  of 
saturation  where  the  growth  flattens.  In  every  defined 
switching  center  area  growth  will  eventually  flatten  owing 
to  the  upper  bound  placed  on  its  population  and  business 
activity  by  the  geographic  limitations.  For  most  switching 
center  areas  defined  with  the  existing  technology,  this 
point  corresponds  to  a  saturation  value  of  around  36,000  to 
40,000  lines. 

The  annual  line  growth  is  almost  devoid  of  any  regular 
fluctuations  such  as  cyclical  trends.  It  may,  however, 
respond  with  a  lag  to  severe  economic  changes  caused  by  very 
long  economic  cycles. 

Forecasts  in  the  long  range  tend  to  become  sensitive 
for  obvious  reasons.  Owing  to  the  ever  changing  technology 
not  much  faith  can  be  placed  on  long  range  forecasts.  If 
one  were  to  forecast  any  aspect  of  telecommunications  demand 
on  the  basis  of  data  available  in  say  1910,  one  would 
perhaps  come  up  with  a  system  where  every  housewife  would  be 
a  telephone  operator  today.  Until  yesterday  a  switching 
center  of  size  50,000  was  considered  outside  the  realm  of 
feasibility.  Today  with  Pulse  Code  Modulator  carrier 
technology  being  adopted  ,  switching  center  areas  of  size 
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Figure  4.2  The  Logistic  Curve 
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500,000  lines  are  possible.  However,  these  factors  do  not 
really  pose  a  problem  to  the  forecaster.  For  a  long  time  to 
come  the  telephone  as  such  will  continue  to  be  an 
indispensable  part  of  our  lives.  The  subscriber  loop  will 
still  be  there,  perhaps  not  in  the  tangible  form  of  a  cable 
pair  but  for  example  as  an  air  wave  .  The  use  of  a  line  as 
a  design  unit  will  not  be  dispensed  with.  The  size  of  a 
switching  center  area  will  definitely  change.  But  the  newly 
defined  area  will  once  again  depict  a  growth  typical  of 
today's  comparatively  smaller  areas.  The  launch  level  and 
the  saturation  level  will  be  appreciably  greater,  but  the 
old  pattern  will  prevail. 

A  model  appropriate  for  forecasting  telecommunications 
demand  in  the  long  range  is  the  logistic  growth  model  (13). 
The  long  term  evolution  of  the  time  series  is  usually 
systematic,  and  the  saturation  is  bound  to  take  place.  This 
model  can,  therefore  ,  be  applied  to  determine  the  long 
range  growth  of  a  switching  center  area.  The  long  range 
demand  is  forecast  in  terms  of  total  lines  i.e.  residential 
plus  business. 

4.4  Forecast  Location  Technique 

The  output  of  the  model  should  be  compatible  with  the 
system  where  it  is  applied.  The  specific  purpose  of 
forecasts  of  line  demand  is  the  optimal  placement  of  plant. 
Thus  the  forecast  location  technique  is  dictated  by  the 
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optimization  model  which  uses  the  forecast  as  one  of  its 
inputs. 

For  example,  the  forecasting  system  can  be  integrated 
as  part  of  a  minimum  cost  network  model  within  which  the 
nodes  represent  an  actual  physical  record  of  outside  plant 
in  place.  The  whole  system  can  be  placed  on  a  grid  map  with 
grids,  based  on  grid  plane  coordinates,  representing  demand 
locations.  A  total  optimization  model  is  flow-charted  in 
Figure  4.3. 

The  Data  Bank 

The  Data  Bank  stores  the  following  information: 

(1)  forecast  data; 

(2)  existing  physical  plant; 

(3)  possible  carrier  routes;  and 

(4)  cost  parameters. 

The  Master  Control  Unit 

The  Master  Control  Unit  stores  the  following  programs: 

(1)  command  program; 

(2)  the  optimization  network  program;  and 

(3)  other  sub-routines. 

The  Input  Conversion  System 

The  Input  Conversion  System  coverts  the  information  stored 
in  the  Data  Bank  into  the  input  format  required  by  the 
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Figure  4.3  Schematic  of  the  Total  Optimization  Model 
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network  program. 

The  0 ut pat  Conversion  System 

The  Output  Conversion  System  does  the  opposite,  that  is,  it 
converts  the  coded  output  from  the  Master  Control  Unit  into 
practical  usable  language. 

Grid  maps  are  drawn  for  each  switching  center  area. 
The  scale  is  selected  appropriately  in  order  to  accomodate 
the  plant  density  of  the  area.  The  distance  between  the 
grid  points  should  be  smaller  than  the  smallest  distance 
between  any  two  nodes.  The  forecast  allocated  to  each 
module  is  further  allocated  to  the  grid  points  in  the 
following  manner: 

(1)  find  the  location  of  potential  high  demand 

concentrations  such  as  apartments  and  commercial 
buildings ; 

(2)  allocate  line  demand  to  these  points  according  to 
the  size  of  these  buildings,  for  example  number  of 
units  ; 

(3)  for  the  purpose  of  allocation  of  the  rest  of  the 
forecast  assign  and  locate  grid  points  uniformly  to 
the  remaining  module;  and 

(4)  divide  the  allocated  demand  by  the  total  number  of 
grid  points  in  the  module. 

A  convenient  origin  is  chosen.  A  grid  map,  with  the 
nodes  and  the  grid  points  is  shown  in  Figure  4. 4. 
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Figure  Grid  Map  showing  Telecommunications  Demand  Modules 
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^•5  Selection  of  Subscriber  Station  Equi pment 

Categories 

The  problem  is  to  establish  an  optimal  classification 
of  subscriber  station  equipment  in  order  to  categorize 
demand  in  a  way  that  enables  it  to  be  quantified  in  terms  of 
planning  units.  The  alternative  systems  of  classification 
are : 

(1)  the  subscriber  station  equipment  can  be  classified 
on  the  basis  of  rates  charged  to  the  services 
associated  with  that  equipment; 

(2)  the  categories  can  be  made  on  the  basis  of  the 
nature  and  characteristics  of  their  demand,  that  is 
business  and  residential; 

(3)  the  type  of  equipment  can  be  used  as  a  criterion; 

(4)  the  subscriber  station  can  be  classified  according 
to  the  engineering  limitations  placed  on  the  main 
distribution  frame  in  the  switching  center,  for 
example,  touch  tone  phones,  dial  phones,  rotary, 
regular  ,  etc.  ; 

(5)  grouping  on  the  basis  of  number  of  telephones  at 
the  subscriber's  station; 

(6)  grouping  on  the  basis  of  load  placed  on  the 
facilities;  and 

(7)  the  equipment  is  classified  on  the  basis  of  grade 
of  service. 

The  criteria  for  selecting  the  best  system  conducive  to  our 
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requirements  are: 

(1)  the  equipment  within  each  group  must  have  the  same 
technical  characteristics; 

(2)  the  equipment  within  each  group  must  be 
identifiable  with  a  common  parameter,  that  is 
lines,  stations; 

(3)  the  load  generated  by  the  equipment  within  each 
group  must  be  the  same  function  of  its  intrinsic 
parameters,  e.g.  8  CCS  per  line;  and 

(4)  the  categories  should  lend  to  ease  of 

administration. 

4.4.1  Method  Selected 

The  design  of  the  telecommunications  carrier  facilities 
is  done  from  a  knowledge  of  the  four  planning  units 
mentioned  earlier.  The  planning  units,  hundred  call  seconds 
and  call  attempts  are  expressed  in  turn  as  a  function  of 
lines  and  the  type  of  subscriber  station  equipment.  Every 
telecommunications  company  monitors  the  load  placed  by 
customers  on  its  facilities.  Generally  two  methods  are 
used : 

(1)  the  parameters  CCS  and  CA's  are  measured  during 
peak  load  periods  (  busy  hour) ;  or 

(2)  the  average  values  are  found  from  readings  taken 
over  a  24  hour  period. 
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The  busy  hour  values  are  used  for  the  design  of  switching 
center  equipment  and  trunking  facilities.  They  are 
expressed  for  each  of  the  categories  mentioned  in  Figure  4.5 
in  terms  of  units  per  line.  Typical  values  for  hundred  call 
seconds  (CCS)  per  line  are  given  below  (  these  values  are 
based  on  discussions  with  the  "edmonton  telephones" 
personnel)  : 


residential (individual)  ....................  1 

business  (individual)  . . . .  1.2 

key . .  3.  75 

centrex  ....................................  3.5 

PABX  . . . . .  11.5 


These  values  also  emphasize  the  importance  of  maintaining 
homogenous  modules  for  forecasting  purposes.  A  change  in 
the  mix  of  subscriber  station  equipment  within  a  module  can 
have  a  significant  impact  on  the  accuracy  of  the  forecasts. 
The  classification  shown  in  Figure  4.5  is  adopted  for  design 


purposes. 
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Figure  4.5  Subscriber  Station  Equipment  Classification 
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CHAPTER  V 


DESIGN  OF  THE  FORECASTING  MODEL 


The  model  utilizes  two  different  approaches,  one  for 
the  short  range  forecast,  and  the  other  for  the  long  range 
forecast. 

A  short  range  forecast  is  valuable  for  many  reasons, 
but  particularly  so  to  plan  for  the  lead  time  needed  to 
order,  receive  and  place  capital  equipment.  The  short  range 
forecasts  for  a  three  year  period  are  based  on  a  combination 
of  opinion  polling,  and  time  series  analysis  using  the  Box- 
Jenkins  methodology.  Yearly  growth  of  subscriber  loops  or 
lines  for  each  switching  center  area  in  the  business  and 
residential  categories  is  forecast. 

A  different  approach  has  been  used  to  forecast  demand 
over  the  long  range.  The  growth  of  lines  in  a  switching 
center  area  follows  more  or  less  a  logistic  pattern.  The 
point  at  which  a  company  decides  to  serve  the  additional 
demand  from  a  new  switching  center  is  determined  by 
engineering  and  economic  considerations.  The  optimum  number 
of  cumuative  lines  in  most  switching  center  areas  at  present 
is  in  the  order  of  36,000  lines.  The  long  range  forecasts 
are  the  basis  for  budgeting  equipment  that  has  a  life  span 
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of  over  20  years.  Switching  center  equipment,  for  example, 
falls  into  this  category.  Yearly  forecasts  for  a  15-20  year 
period,  due  to  their  accuracy  may  not  be  any  more  useful 
than  the  maximum  development  level  of  the  switching  center 
area.  In  addition  yearly  forecasts  are  too  sensitive  in 
that  range.  The  forecast  for  the  ultimate  size  of  a 
switching  center  area  is  also  made  using  a  logistics  model. 

5.1  Short  Range  Forecasting 

The  qualitative  approach  to  forecasting  short  range 
telecommunications  demand  consists  essentially  of  opinion 
polling.  This  is  usually  done  by  keeping  abreast  of  the 
latest  city  development  plans,  local  economic  activity  and 
other  relevant  factors  such  as  migration.  It  is  a 
subjective  technique  and  is  used  to  modify  forecasts  output 
by  the  time  series  analysis  method. 


The 

cornerstone  of 

the 

time  series 

analysis  is  the 

concept 

of  the  sequence 

of 

observations 

(e.  g.  ,  monthly 

demand) 

constituting  a 

time 

series  as 

a  realization  of 

jointly  distributed  random  variables.  The  methodology 
suggested  by  G.E.P.Box  and  G.M. Jenkins  (3)  represents  a 
systematic  approach  to  modeling  and  forecasting  a  time 
series.  They  have  combined  material  and  techniques,  that 
have  been  available  for  a  long  time,  into  an  approach  for 
their  application. 


The  basic  structure  of  the  Box-Jenkins  methodology  is 
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an  autoregressive  integrated  moving  average  (ARIMA) 
It  is  defined  as: 

ft  (B)  Y  =e  +0  (B)  a  . . . .  5 

p  b  0  ‘V  t 


where : 


B  is  the  backstage  operator  given  by: 


(B)  Z  =  Z  ; 

t  t'M 


dt  r  d  I 

Y  =(1-B)  (1-B  )  Z  ,  if  d>0  and/or  d1>0  ,  and 


Y  =Z  -  u  ,if  d=0  and  d1=0  ; 
t  t 


d=the  degree  of  regular  differencing; 


d1=  the  degree  of  seasonal  differencing; 


s=  seasonal  length; 


0  and  0  are  polynomials  given  by: 

P  O- 
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d  =1-  0  B  -  0  B 

f  t  2_ 


0^  B  ;  and 
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0  ,  0  r  &  r  --.-..are  the  autoregressive  parameters; 

and 


Z  is  the  observation  at  time  t; 


u  is  the  mean  of  observations; 


A 

a  is  the  forecast  error  given  by  (Z  -Z  ) ; 

t  t  h 

A 

Z  is  an  estimate  of  Z;  and 


0  is 
6 


deterministic  trend  if  any. 


The 
of  three 

(1) 

(2) 

(3) 


Box-Jenkins  modeling  strategy  consists 
steps.  They  are: 
model  identification; 
parameter  estimation;  and 
diagnostic  checking. 


essentially 


The  tentative  procedure,  as  shown  in  Figure  5.1,  is: 

(1)  plot  the  data  and  decide  on  stationarity ; 

(2)  generate  and  plot  autocorrelation  and 
autocorrelation  factors; 


parti al 


(3)  decide  on  the  degree  of  differencing; 

(4)  compare  the  differenced  autocorrelation  factors 
with  standard  charts; 

(5)  compare  the  partial  autocorrelation  factors  with 


the  standard  charts; 


. 
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Figure  5.1  Basic  Steps  in  Designing  the  Box-Jenkins  Model 
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(6)  decide  which  model  it  comes  close  to; 

(7)  start  building  the  model  by  specifying  the  number 
of  parameters; 

(8)  estimate  the  parameters; 

(9)  perform  diagnostic  checks,  that  is,  decide  if  the 
model  is  adequate  by  making  sure  that  the  residual 
error  is  the  smallest,  if  not,  go  back  to  step  3, 
otherwise ; 

(10)  forecast  the  future  values. 

5.1.1  Identification  of  the  Model 

The  first  step  in  the  model  identification  process 
involves  identifying  a  tentative  model  (or  a  set  of  models) 
using  the  general  ARIMA  model  described  by  equation  5.1. 
The  identification  of  the  model  may  be  accomplished  on  the 
basis  of; 

(1)  prior  knowledge  of  the  data  pattern; 

(2)  an  examination  of  the  plotted  series;  or 

(3)  an  examination  of  the  sample  autocorrelation  and 
sample  partial  autocorrelation  functions. 

In  actual  practice,  while  some  combination  of  these 
four  factors  is  often  considered,  the  sample  autocorrelation 
and  the  sample  partial  autocorrelation  factors  are  usually 
the  prime  indicators. 

Prior  research  with  stationary  time  series  provides  us 
with  particular  patterns  of  the  sample  autocorrelation 
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function  and  the  sample  partial  autocorrelation  function 
that  suggest  the  use  of  either  autoregressive  or  moving 
average  models  or  a  combination  thereof.  These  distinctive 
patterns  represent  an  essential  feature  of  the  Box-Jenkins 
methodology.  Once  the  form  of  the  model  has  been  decided, 
one  needs  to  determine  the  order  (i.e.  ,  the  values  of  p  and 
g)  of  the  model*  Once  again  this  is  indicated  by  an 
analysis  of  sample  autocorrelation  and  sample  partial 
autocorrelation  functions.  Appendix  A  gives  the  definitions 
of  sample  autocorrelation  and  sample  partial  autocorrelation 
functions.  Also  given  in  the  same  appendix  is  the 
identification  chart. 


5.  1 . 2  Model  Estimation 

The  estimation  of  parameters  is  done  by  using  the 
method  of  least  squares.  The  criterion  for  selecting  the 

values  of  C;  and  0  is  to  minimize  the  function: 

p  ^u 


0  A  aZ 

f(  p  ,  e  )  =  (z  -z  ) 


O' 


t  t 


The  procedure  involves  using  the  identified  model  to 

forecast  "Z"  for  each  observation  "Z"  in  the  time  series  and 

comparing  these  values  to  determine  forecast  error  or  the 

residual  error  "a"  for  each  period.  The  appropriate  model 

and  0<^_ 
A  7- 

values  which  minimize  the  sum  of  the  squared  error  (Z  -  Z  ). 


coefficients  are  determined  by  selecting  the  set  of  p 
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5.1.3  Diagnostic  Checking 

The  final  step  in  the  Box-Jenkins  method  involves 
checking  on  whether  the  model  represents  the  observed  time 
series  adequately.  For,  example,  if  our  model  is  ARIMA 
(0,0,1),  we  may  wonder  whether  ARIMA  (0,1,1)  might  be  the 
more  appropriate  model.  Or  should  an  autoregressive 
parameter  be  added  to  make  it  an  ARIMA  (1,1,1)  model?  A 
simple  check  on  such  hypotheses  is  made  by  over-fitting  and 
testing  the  hypothesis  that  the  added  parameter  is  zero,  or 
insignificant.  Another  check  is  the  estimate  of  variance  of 
residuals.  Yet  another  check  is  the  sample  autocorrelation 
function  of  the  residual  series.  A  way  of  looking  at  the 
process  of  modeling  a  time  series  is  an  attempt  to  find  a 
transformation  that  reduces  the  observed  data  to  random 
noise.  If  the  model  has  succeeded  in  doing  this,  the 
residuals  will  have  the  properties  of  random  numbers,  and  in 
particular  are  not  serially  correlated.  Checking  the  model 
then  involves  examining  the  sample  autocorrelations  of  the 
residuals.  When  the  model  is  adequate,  the  "a”  values  will 
be  randomly  distributed. 

G.3.P  Box  and  D. A. Pierce  (4)  have  suggested  a  statistic 
"Q”  to  evaluate  the  adequacy  of  the  model.  It  is  given  by: 

K 

v-  2  A 

Q=  n)r  (a)  ; 

kcl 


where  : 
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"Q"  is  approximately  chi-squared  distributed  with  (k-p-q) 
degrees  of  freedom; 

n  is  the  total  number  of  observations  minus  the  maximum  back 
order ; 

k  is  the  number  of  residual  sample  autocorrelation  values 
that  have  been  calculated;  and 

r  (a  )  =the  residual  sample  autocorrelation  of  the  series 
(a)  at  the  lag  k. 


2. 


The  test  statistic  "Q"  is  evaluated  against  a 


(chi- 


squared  distribution)  with  (k-p-q)  degrees  of  freedom.  When 


"Q"  is  greater  thanX(k-p-q) ,  this  tells  one  that  the  model 
is  inadequate  and  that  an  alternative  model  must  be 
investigated. 

The  forecasting  model  herein  is  evaluated  using  both 
the  "G"  statistic  and  the  pattern  of  sample  autocorrelation 
values  for  the  residual  series. 

5.1.4  The  Model  for  a  Typical  Switching  Center  Area 

The  time  series  for  both  residential  and  business 
demand  differ  considerably  from  one  switching  center  to 
another.  The  difference  is  both  in  magnitude  and  pattern. 
This  difference  is  expected  since  each  switching  center  area 
has  a  unique  history.  For  example,  if  one  looks  at  a 


switching  center  area  containing  university  residences,  the 
time  series  will  depict  a  seasonality  such  that  a  relatively 
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larger  demand  will  manifest  in  the  month  of  September  as 
compared  to  the  summer  months  when  the  number  of  students 
attending  the  university  decreases  considerably.  In  the 
context  of  our  data  base  where  only  additional  line  demand 
is  considered,  the  demand  will  be  almost  zero  in  the  summer 
months.  An  area  which  is  experiencing  a  rapid  development 
will  have  a  fairly  consistent  demand  for  a  certain  number  of 
years.  Therefore,  every  switching  center  area  must  be 
modeled  on  its  own  time  series.  Since  the  time  series  are 
different,  the  forecasting  models  will  also  be  different. 

The  data  available  with  the  "edmonton  telephones" 
system  was  used  in  the  analysis  of  telecommunication  demand. 
There  was  no  data  available  on  the  actual  demand.  However, 
data  on  monthly  "lines  in  place",  referring  to  the 
subscriber  loops  loaded  on  the  system,  was  assumed  to  be 
representative  of  the  actual  demand.  As  long  as  there  are 
no  substantial  witheld  orders,  this  assumption  is  valid. 
The  actual  physical  plant  placed  is  not  synonymous  with  the 
lines  in  place.  The  former  is  usually  greater  than  the 
loaded  lines.  In  this  report  lines  in  place  refer  to  the 
active  lines. 


In  order  to  arrive  at  an  adequate  Box-Jenkins  model  the 
data  base  has  to  include  at  least  50  observations  (3) .  This 
restriction  is  necessary  to  compute  precise  estimates  of  the 
parameters  to  be  used  in  the  model.  This  approach 
necessitated  the  use  of  monthly  figures  instead  of  yearly 
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figures.  From  monthly  forecasts  one  can  arrive  at  yearly 
forecasts. 

Figure  5. 2  shows  the  monthly  data  on  residential  lines 
in  place  for  a  switching  center  area.  It  indicates  that 
certain  lines  are  removed  during  certain  periods.  However, 
they  are  not  physically  removed.  This  phenomenon  is  called 
disconnects  in  the  telecommunications  parlance.  Since  the 
objective  of  this  model  is  to  forecast  demand  for  new 
subscriber  loops,  the  time  series  given  in  Figure  5.2  must 
be  converted  into  net  monthly  additions  after  ignoring  the 
disconnects.  This  is  done  in  the  following  manner: 

Let  x  and  x  be  the  number  of  lines  in  place  at  the  end 
of  months  one  and  zero  respectively;  then  the  additional 
demand  in  month  one  is  given  by: 

dx  =x  -  x  . . . . . .  5.1 

4=1  tl  to 

Now  if  x  <  x  ,  i.e. ,  disconnects  have  occured,  dx  will  be 
zero,  and  for  the  next  month: 

dx  =  x  -  x  . . . . .  5.2 

tz  tz  to 

Figure  5.3  shows  the  monthly  additions  for  the  series  shown 
in  Figure  5. 2. 

Appendix  B  shows  the  model  building  procedure  for  a 
typical  switching  center  area.  The  given  series  is  changed 
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Figure  5.2  Monthly  Data  on  Lines  in  Piece  for  a  Typical  Switching  Center  Area 
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Figure  5.3  Monthly  Additions  to  Total  Lines  for  a  Typical  Switching  Center  Area 
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into  monthly  additions  after  ignoring  the  disconnects.  A 
version  of  the  program  package  APL  Forecasting  Using  Time 
Series  Analysis  (1)  received  from  the  IBM  computer  company 
was  used.  The  new  series  is  then  plotted.  An  analysis  of 
the  plotted  series  reveals  three  facts.  There  are  two 
outlying  points,  that  is  months  five  and  nineteen,  which  do 
not  appear  to  fit  the  general  pattern  of  the  series. 
Secondly,  the  mean  value  of  the  series  changes  over  time 
suggesting  that  some  differencing  is  needed.  Thirdly,  the 
variance  appears  to  be  changing  very  little  over  time.  In 
the  process  of  identification,  the  first  differenced  series 
revealed  more  stationarity  as  expressed  by  the 
autocorrelation  values.  The  partial  autocorrelation 
function  has  a  spike  at  the  first  lag,  suggesting  an  ARIMA 
(1,2,0)  model.  This  model  was  used  and  the  diagnostics 
revealed  it  to  be  an  adequate  model  for  the  given  series. 
The  chi-square  test  gave  a  significance  value  of  0.99765, 
and  the  autocorrelation  values  for  the  residual  series 
appear  to  be  randomly  distributed. 

5.2  Long  Range  Forecasting 

Total  telecommunications  demand  growth  in  a  specified 
geographical  area  shows  a  distinct  trend  from  the  inception 
of  the  area  through  the  development  to  the  saturation  stage. 
Assuming  that  the  use  of  subscriber  loops  continues  to  be  to 
connect  two  subscribers,  and  that  whatever  the  state  of 
technology  the  basic  requirement  of  a  subscriber  loop,  be  it 
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a  physical  entity  such  as  a  pair  of  cable  or  an  intangible 
entity  such  as  an  airwave,  for  planning  purposes  holds  good, 
the  growth  of  demand  for  telecommunications  within  a 
specified  area  will  follow  the  growth  of  population  and 
business  within  that  area.  Among  all  the  series  with  which 
economics  deals  probably  the  most  uniform  is  that  of 
population  growth.  The  demand  for  telecommunications  like 
other  utilities  is  in  the  long  run  dependent  upon,  more  than 
any  thing  else,  the  population  growth.  The  logistic  trend 
or  the  curve  of  growth  has  been  most  extensively  used  for 
population  and  biological  studies.  For  a  switching  center 
area  the  growth  starts  from  an  initial  level  the  order  of 
which  varies.  Usually  it  is  around  2,000  to  5,000  lines. 
This  trend  is  followed  by  a  steady  growth  and  then  a 
decelerating  growth  explained  by  the  eventual  upper  bound 
placed  by  the  territorial  limitations  on  the  population  and 
business  activity.  The  exponential  law  applies  at  the 
beginning  of  the  growth  and  must  therefore  be  modified  by 
another  trend  such  as  a  logistic  trend  which  imposes  the 
ultimate  limitation  upon  the  growth.  To  forecast  the 

logistic  curve,  after  the  growth  has  passed  the  transition 
point,  is  easier  since  the  final  trend  toward  saturation  is 
usually  smooth  and  regular.  The  ultimate  growth  level  can 
therefore  be  fairly  accurately  predicted. 
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5.2.1  The  Logistic  Model 

The  logistic  curve  seems  to  be  specially  designed  for 
the  description  of  the  growth  of  new  industries,  for 
population  studies,  and  for  the  growth  of  utility  services 
which  depend  upon  the  population  growth.  The  curve  has  been 
subjected  to  numerous  biological  tests  such  as  the  growth  of 
population  of  drosophiloe  under  controlled  conditions  and 
other  bacterial  culture  (14). 

As  one  sees  from  the  Figure  4.2,  the  logistic  curve  may 
be  regarded  as  a  transition  trend  line  intermediate  between 
a  lower  initial  level  and  an  upper  stable  level.  There  is 
in  between  a  point  of  inflection  where  the  rate  of  increase 
of  demand  begins  to  decline. 

The  existence  of  an  upper  asymptote  or  the  limit  of 
maturity  is  the  distinguishable  feature  of  the  logistic 
trend  which  makes  it  superior  to  the  pure  exponential 
function  in  the  applications  to  economic  time  series  such  as 
telecommunications  growth. 

The  curve  itself  is  represented  by  the  equation: 

y  =  k  /  (1  +  b.  exp  -at)  ....................  5.3 

The  values  of  the  upper  and  lower  asymptotes  are  given  by 
the  lines: 

y=0;  and 

y=k 
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The  point  of  inflection  is  defined  by  the  coordinates: 
t=  (In  b )  /a 
y=  0/2)  k. 

The  differential  equation  of  the  logistic  namely: 

ay/dt=ay-by  ., . . .  5.4 

where  a  and  b  are  positive  constants,  shows  that  the  growth 
of  y  is  stimulated  directly  by  the  magnitude  of  y,  but  that 
it  is  checked  by  a  factor  proportional  to  the  square  of  y. 

Analysis  of  the  Logistic  Trend 

Trends  belong  to  the  macroeconomic  area,  and  the 
interpretation  of  their  origin  is  thus  the  principal  factor 
in  forecasting  the  future  state  of  the  variable.  A  trend  is 
that  characteristic  which  tends  to  extend  consistently 
throughout  the  entire  period.  Thus  the  concept  of  a  trend 
depends  both  upon  the  nature  of  the  data  examined  and  upon 
the  range  to  which  it  is  applied.  The  trend  of 
telecommunications  demand  in  a  switching  center  area  is 
upward  for  the  period  it  takes  the  demand  to  mature, 
although  there  may  be  reversals  of  the  main  movement  in  the 
short  time  slots  of  duration  from  a  few  months  to  a  few 
years.  It  is  thus  seen  that  the  definition  of  a  trend  is 
relative  and  there  is  no  such  thing  as  a  pure  trend. 

The  properties  of  the  logistic  curve  can  be  discussed 

5.  5 


from  a  somewhat  general  function: 
y=k/(1  +  b  exp^ft))  . 
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where  0(t)  is  an  arbitrary  function.  If  we  set  0 ( t )  equal 
to  -at,  we  obtain  the  logistic  curve  as  defined  by  equation 

5-4, 


The  first  derivative  of  y  as  defined  by  equation  5.5  is 
found  to  be: 

dy/dt=)2f  (t)  (y  (y-k)/k)  . .  5.6 

From  this  equation  it  is  apparent  that  the  horizontal 
asymptotes  exist,  which  are  the  lines  y=0  and  y=k.  These 
values  are  attained  when  0(t)  is  respectively  +a  and  -a. 
Maxima  and  minima  of  the  curve  between  these  limiting  values 
are  given  for  the  values  of  t  which  satisfy  the  equation: 


/ 

0(t)=O  . . . . . . .  5.6 

The  second  derivative  is  given  by: 

2.  2.  "  y  2- 

d  j/dt  =(k^(t)+  (0  (t))  (2y-k))  (y)  (y-k)/k .  5.7 


Points  of  inflection  are  found  from  the  values  of  t  which 
satisfy  the  equation: 

4  y 

M  it)  +  (t)  )  (2y-k)  =0  .  5.6 

For  the  special  case,  9f(t)=-at,  no  maximum  or  minimum 
value  is  attained  though  the  two  asymptotes  exist.  Only  one 
point  of  inflection  exists  for  this  case  and  it  is  given  by: 

exp  (-at )  =  1/b 
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which  yields  as  the  coordinates  of  the  point  the  values: 

t=  (1/a)  (In  b)  ,  y=k/2 

This  is  called  the  critical  point  of  the  logistic  curve. 

5.2.2  Model  Estimation 

A  number  of  statistical  methods  have  been  developed  for 
fitting  the  logistic  curve  to  data,  and  determining  the 
three  essential  parameters.  One  of  these,  due  to  Raymond 
Pearl  and  L.J.Reed  (21),  consists  essentially  of  a 
preliminary  estimate  of  the  parameters  from  three  equally 
spaced  points  and  the  adjustment  of  the  parameters  by 
computing  the  errors  of  the  estimated  values  by  means  of 
least  squares.  Henry  Schultz  (22)  has  given  an  alternative 
procedure  for  correcting  the  preliminary  estimates  of  the 
parameters.  His  solution  yields  the  true  least  squares 
logistic  in  the  sense  that  the  sum  of  the  squares  of  the 
difference  between  the  data  and  the  curve  is  minimized.  A 
third  method,  "the  method  of  increase",  has  been  suggested 
by  H. Hotelling  (1 7) .  This  method  is  simple  to  apply  and 
yields  results  which  are  in  close  agreement  with  the  other 
two  described  above. 

From  equation  5.7  we  can  write: 

y 

<1/y)  <ay/dt)=jzf(t)  (y/k-1) 

or  (1/y)  (dy/dt)  =a- (a/k)  y .  5.9 


Hence  if  we  replace  dy  and  dt  by  their  increments  Vy  and  Vt, 
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and  assume  that  the  latter  is  equal  to  unity,  then  we  can 
write  equation  5.9  in  the  form: 


R=p+gy . . . . .  5.10 

where  we  abbreviate  : 

R=Vy/y,  p=a,  and  q=-a/k.  . .  5.11 


Since  equation  5.10  is  a  linear  function  in  y  the  parameters 
p  and  q  may  be  obtained  very  simply  by  the  method  of  least 
squares  from  the  values  of  R.  Consequently  "a"  and  "k"  are 
computed  from  the  last  two  equations  in  5.11. 

The  fitting  of  data  is  then  immediately  accomplished  by 
adding  increments  successively  to  any  assumed  arbitrary 
value  yo.  These  increments  are  computed  from  the  parabola: 

Vy=  py  +  gy  - . . .  5. 12 

The  value  of  "b"  can  be  estimated  for  a  number  of  points 
along  the  range  by  means  of  the  formula: 

b=  (k-y )  (exp  +at)/(y)  . .  5.13 

The  average  of  these  values  is  used  as  the  desired  value. 

Still  a  more  precise  and  easy  method  is  to  use  these 
values  as  the  initial  parameters,  and  to  use  them  in  the 
iterative  method  of  non-linear  least  squares  to  arrive  at  a 
closest  fitting  logistic  curve.  A  computer  program  is  used 
to  do  this  iterative  procedure,  since  a  tremendous  amount  of 
computational  effort  is  involved. 


;  '•  \  'I 

.  •  ‘  '  '  V  ,M 


■ 

' 

£  •  ’  U 

■ 

i  v  :•  •'  '  1  615  N 


78 


5.2.3  Model  for  a  typical  Switching  Center  Area 

Table  5. 1  shows  the  cumulative  annual  growth  of  total 
lines  for  a  specific  switching  center  area.  Table  5.2  shows 
the  calculation  of  the  parameters  for  the  normal  equation. 
From  the  totals  the  following  normal  equations  are  derived: 
15p  +  215287  q=2. 03285 
215287  p+  38  299  60866  q  =23199 

From  the  solutions: 
q=-. 00000807 
p=. 25144731  99 

Thus  we  obtain  the  desired  parameters: 
a=p=. 2514473199 
k=-p/q=  31,131 

The  critical  point  has  an  ordinate  k/2  equal  to  15565.  The 
year  of  this  critical  point  is  approximately  corresponding 
to  mark  10. 

To  find  "b"  the  marks  2,6,10  and  16  were  selected.  The 
average  "b"  comes  out  to  be  14.4731207.  Taking  25996  as  the 
origin  and  using  equation  5. 12  which  now  has  the  numerical 
form : 

Vy  =  .251 44731y  -  0.000008076  y 
the  forecasted  values  are  found. 

The  forecast  figures  are  shown  in  the  Table  5. 2. 
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Table  5.1  Annual  Cumulative  Growth  of  Total  Lines  for  a  Typical 
Switching  Center  Area 


Year 

Cumulative  Growth 

1961 

2797 

1962 

3259 

1963 

4604 

1964 

5762 

1963 

7177 

1966 

8908 

1967 

10394 

1966 

11963 

1969 

12993 

1970 

14340 

1971 

17444 

1972 

20030 

1973 

21819 

1974 

23251 

1976 

25996 
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A  computer  program  was  written  to  calculate  the  various 
parameters  and  the  forecast  equation.  The  listing  of  the 
program  is  given  in  Appendix  C. 
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CHAPTER  VI 


APPLICATION  OF  THE  MODEL 


The  city  of  Edmonton  was  selected  to  serve  as  an 
example  to  illustrate  the  use  of  the  model  for  forecasting 
telecommunications  demand  in  the  short  range,  and  to 
forecast  the  potential  aggregate  line  growth  over  the  long 
run.  The  telephone  service  for  the  city  is  provided  by 
"edmonton  telephones" ,  a  city  owned  company. 

6.1  The  Lendrum  Switching  Center  (Edmonton) 

The  Lendrum  switching  center  area  is  over  fifteen  years 
old,  and  therefore  a  good  data  base  exists  for  this  area. 
The  length  of  the  data  base  also  renders  it  amenable  to 
logistic  model  building.  The  data  also  exhibits  a  number  of 
characteristics  typical  of  growth  of  demand  for  a  utility, 
such  as  seasonality,  increasing  trend  and  non-s tationari ty . 
Therefore,  it  was  considered  a  good  example  for  both  model 
building  and  testing  the  performance  of  the  model. 

6.1.1  Short  Range  Forecast 

Tables  6.1  and  6.2  contain  the  listing  of  business  and 
residential  lines  in  place  on  a  monthly  basis.  Both 
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business  and  residential  series  are  transformed  into  the 
monthly  demand,  after  ignoring  the  disconnects.  Tables  6.3 
and  6.4  show  the  monthly  demand.  The  seasonal  nature  of  the 
residential  series  is  quite  apparent.  During  the  months  of 
April,  May  and  June  the  data  indicates  a  net  zero  increase 
in  demand.  This  is  explained  by  the  trends  in  construction 
activity.  Normally  houses  become  available  for  occupation 
toward  the  end  of  this  period.  However,  in  some  years 
particularly  1965,  1966,  and  1967  the  demand  during  the 
period  April-June  is  not  negligible.  This  demand  was  due  to 
a  lower  residential  activity  in  the  past,  reflecting  a  high 
vacancy  rate.  During  this  period  (1965-1967)  the  number  of 
installations  increased  with  the  increasing  movement  not 
related  to  growth. 

The  business  series  does  not  show  distinct  seasonality. 
This  area  is  predominantly  a  residential  area.  However,  as 
can  be  noted  from  Table  6.3,  the  share  of  business  lines  has 
gradually  increased  from  the  January  1965  figure  of  4.8 
percent  to  the  August  1977  figure  of  18  percent.  This  is 
mainly  due  to  recent  commercial  development. 

The  approach  to  identification,  estimation,  and 
diagnostic  checking  of  the  forecasting  models  for  these  two 
series  is  the  same  as  outlined  in  Chapter  V.  However, 
business  series  being  a  non-seasonal  series,  it  was 
analyzed  using  the  simple  ARIMA  model,  whereas  a  special 
form  of  ARIMA  model,  the  seasonal  model  was  used  for  the 
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Table  6.1  Listing  of  Residential  Lines  for  t;ie  Lendrum  Switching  Center 
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residential  series.  The  final  models  accepted  on  the  basis 
of  adequacy  for  respective  series  are  given  in  Tables  6.5 
and  6.6.  The  business  model  uses  net  line  gain  (=Z  )  after 
disconnects  have  been  ignored,  whereas  in  the  residential 
model  total  cumulative  gain  (=Z  )  after  ignoring  the 

disconnects  was  used.  The  latter  method  facilitated 
logarithmic  transformation  used  to  achieve  stationari ty. 

Figure  6. 1  shows  the  map  of  the  Lendrum  switching 
center  area  as  it  existed  in  August  1977.  As  mentioned 
earlier  the  area  is  mostly  residential.  The  business  lines 
serve  shops  and  offices  distributed  throughout  the  area  with 
no  concentrations  in  a  given  region  excepting  for  the 
Southgate  shopping  mall.  Thus,  for  the  identification  of 
specific  geographic  modules  within  the  switching  center 
area,  no  distinction  will  be  made  between  residential  and 
business  allocations.  That  is,  each  module  will  receive 
both  residential  and  business  allocations. 

A  few  inferences  can  be  made  from  available  development 
plans  for  the  Lendrum  area.  Demand  for  residential  lines 
will  be  generated  by: 

(1)  major  dwelling  units,  particularly  city  servicing 
of  619  lots  for  single-f amily  dwelling  units  and 
2150  lots  for  multiple  family  dwelling  units  in  the 
1978-1982  period. 

(2)  condominium  units  and  apartment  units. 


So  far  as  business  development  is  concerned. 
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Table  6.5  Forecast  of  business  Demand  for  the  Lenarun 

Switching  Center  area 

Model  Used.:  (l-B)Z  =  (1-Q  B)a  +0 

t  _to 


Month 


Net 


September  1977 

October 

November 

December 

January  1978 

February 

March 

april 

May 

June 

J  uly 

rt  U  g  U  S  t 

September 

October 

November 

December 

January  1979 

February 

March 

april 

May 

June 

July 

«ugust 

September 

October 

November 

December 

January  I960 

February 

March 

April 

May 

June 

July 

august 


in  in  Lines 

Cumulat ive 

37 

4617 

38 

4  6  5 5 

38 

4693 

38 

4731 

38 

4769 

38 

4607 

38 

4845 

38 

4683 

38 

4921 

38 

4959 

39 

499b 

39 

5037 

39 

5076 

39 

5H5 

39 

5154 

39 

5193 

39 

5232 

40 

5272 

40 

5312 

40 

53  52 

40 

5392 

40 

5432 

40 

5470 

40 

5512 

40 

5552 

41 

5593 

41 

5634 

41 

5675 

41 

5716 

41 

5757 

41 

5798 

41 

5639 

41 

5c80 

42 

5922 

42 

5964 

42 

6006 

Growth 


% . ; 
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6.6  forecast  of  Residential  Demand  for  the  Lena- 


■am 


Switching  Center  rtrea 

12  1  12  12 
hodel  Used;  (l-3)(l-0'3  )  ( In  Z  )-  C 1-03  -0  3  ;(l-&  3  )a 

1  t  1  12 


September  1977 

Cctcber 

November 

December 

January  1973 

February 

March 

April 

May 

June 

July 

august 

September 

October 

November 

December 

January  1979 

February 

March 

April 

May 

J  une 

J  uly 

August 

September 

October 

November 

December 

January  1980 

February 

March 

April 

May 

June 

July 

august 


Net  Gain  in  Lines 

Cumulative  Growth 

333 

20542 

192 

20734 

3b 

20770 

191 

20961 

337 

al2>:S 

0 

21296 

43 

21341 

47 

21368 

7 

21395 

193 

219o6 

271 

21859 

223 

2206a 

446 

2<O20 

ajO 

^75b 

120 

22676 

69 

^2907 

296 

0263 

466 

23749 

227 

23976 

214 

24190 

0 

1  >0 

82 

a4c:72 

192 

24464 

235 

24699 

494 

2515b 

256 

a  54  4  9 

130 

25579 

106 

23665 

335 

26020 

510 

26530 

251 

26761 

229 

27010 

0 

27010 

99 

27109 

222 

27331 

203 

27594 

V  '  - 


I 
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Figure  6.1  Map  of  the  Lendrum  Switching  Center  Area 
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expansion  of  the  Strathcona  industrial  area  has  effectively 
lowered  the  line  growth  in  the  Lendrura  area.  There  is  no 
plan  for  any  industrial  area  development  for  Lendrum  in  the 
future,  A  few  communitiy  shopping  centers  are  planned. 
Generally  the  business  gain  is  expected  to  remain  the  same 
for  1978-  82,  and  then  it  is  expected  to  taper  off. 

In  general  certain  areas  such  as  Kaskiteyo,  Riverbend 
neighbourhood  and  Terwellian  Heights  are  undergoing  a 
comparatively  faster  development. 

The  forecast  for  residential  and  business  on  the  basis 
of  time  series  analysis  alone,  for  the  next  year  is  1879  and 
530  lines  respectively.  From  the  development  plans  and 
opinion  sampling,  the  forecast  figure  with  respect  to 
business  is  around  400  lines  .  With  respect  to  residential 
demand,  the  opinion  sampling  suggests  that  demand  for  about 
2,500  lines  will  be  generated.  To  arrive  at  a  composite 
forecast  tentative  weights  of  .7  and  ,3  were  used 
respectively  for  the  Box-Jenkins  and  the  opinion  poll 
forecasts.  The  composite  forecast  for  the  residential 
category  is  estimated  at  2000  lines,  and  for  the  business 
category  it  is  estimated  to  be  530  lines. 

6.1.2  Allocation  of  Forecasts 

The  forecast  modules  suggested  for  the  purposes  of 
forecast  allocation  are  defined  in  Table  6.7.  The  growth 
potential  as  defined  in  Chapter  IV  is  an  indication  of 
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future  growth  as  reflected  by  past  trends  and  current 
development  plans.  The  data  needed  to  arrive  at  the  growth 
potential  for  the  individual  modules  was  not  available. 
However,  using  data  from  the  cable  fill  summary,  the  local 
gain  ratio  was  calculated.  The  growth  potential  arrived  at 
was  further  modified  subjectively  using  information  relating 
to  major  projects  recently  approved  by  the  city.  Table  6.8 
gives  a  listing  of  major  projects  in  the  Lendrum  area.  Part 
of  the  forecast  module  ”C"  is  currently  outside  of  the  area, 
and  is  being  served  by  Alberta  Government  Telephones. 
Servicing  for  this  area  is  planned  for  1978.  Development  of 
part  of  the  Riverbend  Outline  Plan  Area  in  the  forecast 
module  "K"  is  presently  under  dispute  between  the 
developers.  The  settlement  of  the  dispute  is  far  from 
predictable.  It  is  assumed  that  the  dispute  will  be  settled 
in  1 978  so  that  servicing  can  commence  subsequently.  The 
growth  potential  factors  arrived  at  are  shown  in  Tables  6.9 
and  6.10  which  also  give  estimates  of  the  parameters  such  as 
area  and  density.  The  forecasts  for  the  residential  and 
business  categories  and  their  allocation  to  modules  are  also 
given  in  these  tables 

6.1.3  Long  Range  Forecast 

Appendix  D  gives  the  monthly  cumulative  growth  for  the 
Lendrum  switching  center  area.  Using  the  computer  program 
shown  in  Appendix  C,  the  following  parameters  were  found: 
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Table  6.7  Forecast  Modules  for  the  Lendrum  Switching  Center. 


Modul e 

District  Names 

Approximate  lines 
in  place 

A 

Neighbourhood  of  Riverbend  #1 

850 

B 

Belgravia  and  Parkallen 

4400 

C 

Bluequill  and  Yellowbird 
Neighbourhood 

1700 

D 

Ermines kin 

2200 

E 

Argyl 1 

3200 

F 

Laurier  Heights  *. 

900 

G 

Grandview  Heights 

600 

H 

La ns down e 

600 

I 

Allendale 

3000 

J 

Riverbend 

2000 

K 

Neighbourhood  of  Riverbend  #2 

500 

L 

Aspen  Gardens 

1000 

M 

Speedway 

2000 

N 

Mai  mo  Plains 

1800 

. 
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Table  6.8  Major  Projects  for  the  Lendrum  Switching  Center  Area 
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Table  6.9  Forecast  Allocation  of  Business  Lines  in  the  Lendrum 
Switching  Center  Area 


Switching  Center  Lendrum  Business  Forecast  530  1 i nes 


Modul e 

Area  sq. 
miles 

Density  lines 
per  sq.  mile 

Growth 

Potential 

Forecast 

A 

4.04 

36 

.04 

21 

B 

2.3 

329 

.05 

26 

C 

1.53 

191 

.07 

37 

D 

1  .06 

324 

.06 

31 

E 

1  .85 

297 

.10 

53 

F 

9 

CO 

322 

.08 

42 

G 

.40 

258 

.10 

53 

H 

.36 

286 

.04 

21 

I 

1  .47 

351 

.15 

79 

J 

2.69 

127 

.07 

37 

K 

.63 

136 

.05 

26 

L 

.4 

430 

.07 

37 

M 

1.84 

187 

.06 

31 

N 

1  .46 

212 

.06 

36 

98 


Table  6.10  Forecast  Allocation  of  Residential  Lines  in  the 
Lendrum  Switching  Center  Area 

Switching  Center  Lendrum  Residential  Forecast  2000  Lines 


Module 

Area 

(sq.  miles  ) 

Density  (lines 
per  sq.  mile  ) 

Growth 

Potential 

Forecast 

A  . 

B 

4*04 

172 

.01 

20 

B 

2.3 

1568 

.01 

20 

C 

1.53 

911 

.46 

920 

D 

1.06 

1547 

.23 

460 

E 

1.85 

1418 

.01 

20 

F 

•  48 

1537 

.01 

20 

G 

.40 

1230 

.01 

20 

H 

.36 

1366 

.02 

40 

I 

1.47 

1673 

.06 

120 

J 

2.69 

609 

.12 

240 

I 

.63 

650 

.01 

20 

L 

.40 

2050 

.02 

40 

M 

1.84 

891 

.02 

40 

B 

1.46 

1010 

1 

.01 

20 

i 

, 


* 
If 


. 


} 


-< 


99 


a=0. 0214099,  k=  31,305,  and  b=10. 83377 

The  saturation  level  is  around  31,305  lines.  The  critical 
point  has  an  ordinate  equal  to  k/2  i.e.  15652.  The 
critical  value  occurred  around  March  1972.  The  saturation 
starts  taking  place  around  the  year  2004. 

Taking  yO  equal  to  24,296  lines  as  the  origin  and  using 
equation  5.12  which  now  has  the  numerical  form: 

Vy=  0.021 40 99y  -  0.0000006839  y, 
the  forecast  figures  were  arrived  at  and  are  shown  in 
Appendix  D. 

6.2  Model  Testing 

The  usefulness  of  a  forecasting  model  must  be  judged 
not  only  by  how  close  the  forecasts  came  to  actual 
observations,  but  also  by  objectives  such  as: 

(1)  cost  to  operate; 

(2)  flexibility  to  accomodate  changes;  and 

(3)  availability  of  the  forecasts. 

The  actual  observations  for  the  Lendrum  switching 
center  area  were  not  available  for  the  period  September  1977 
to  August  1978.  The  yearly  forecasts  of  the  demand  could 
not,  therefore,  be  compared  with  the  actual.  However  ,  the 
actual  observations  for  the  period  September  1977  to 
February  1978  were  available.  The  forecasts  for  the  six 
months  during  this  period  were  compared.  Figures  6.2  and 
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6.3  show  the  forecast  versus  the  actual  for  residential  and 
business  respectively.  The  business  forecast  appears  to  be 
close  to  the  values  observed.  Business  growth  was  expected 
to  continue  at  the  historical  rate.  The  residential 
forecast  is  also  close  to  the  actuals.  However,  on  the 
basis  of  the  Box-Jenkins  model  alone  it  would  have  been  on 
the  negative  side,  even  though  the  forecast  model  was  most 
adequate.  These  results  strongly  suggest  using  a 

combination  of  forecasting  techniques.  The  time  series 
analysis  forecast  combined  with  the  opinion  polling  forecast 
give  the  best  results.  The  cumulative  demand  is  compared  in 
the  Table  6.11. 

If  the  company  maintains  good  records,  the  available 
data  can  be  directly  fed  into  the  computer,  thus  avoiding 
the  initial  preparation  of  data.  Actual  construction  and 
maintenance  records  by  outside  plant  personnel  can  be 
recorded  to  sample  the  opinions  and  keep  abreast  of  plans. 
This  information  is  incorporated  into  the  growth  potential 
factor  to  acknowledge  the  regional  growth  differentials. 
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Figure  6.2,  Comparison  of  Forecast  of  Residential  Line  Gain  with  the  Actuals 
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Figure  6.3  Comparison  of  Forecast  of  Business  Line  Gain  with  the  Actuals 
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Table  6.11  Comparison  of  Forecast  of  Cumulative  Additions  to 

Lines  with  the  Actuals  for  the  period  September  1977 
to  February  197&. 


Technique 

Business( Actual  201) 

Residential (Actual  1131) 

Forecast 

Error 

Forecast 

Error 

Box- Jenkins 

228 

+27 

1095 

-36 

Opinion 

Polling 

300 

+99 

1400 

+269 

Composite 

226 

+26 

1120 

-11 
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CHAPTER  VII 


SUMMARY  AND  CONCLUSIONS 


In  the  design  of  a  computerized  model  for  forecasting 
telecommunications  demand  within  an  integral  system  (i.e.  a 
city)  components  and  characteristics  of  the 
telecommunications  demand  were  studied. 

The  fundamental  purpose  was  to  develop  a  system  to 
forecast  annual  line  growth.  Various  systems  for 
forecasting  demand  as  used  by  various  telecommunications 
companies  were  analyzed  considering  the  nature  of  the 
telecommunications  demand  .  A  system  using  the  switching 
center  area  as  the  basic  building  block  was  selected  for 
design.  The  system  was  further  divided  into  four 
subsystems,  each  of  which  was  individually  designed.  For 
every  system  or  subsystem  various  alternatives  were 
considered  and  the  decision  criteria  were  formulated  to 
arrive  at  the  best  alternative.  The  detailed  design  yielded 
a  model  which  forecasts  residential  and  business  demand 
individually  for  each  switching  center  area  using  a 
combination  of  quantitative  (time  series  analysis)  and 
qualitative  (opinion  polling)  techniques.  For  the  long 
range  forecast  a  maximum  development  level  is  forecast  using 
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a  logistic  model 

The  major  c 
as  follows: 

(1)  Busines 
telecom 
separat 
charact 
dis tine 
non-sea 
of  the 

(2)  The  sho 
need  n 
areas , 
categor 
series 

(3)  A  comb 
approac 
method, 
accurat 
inf or  ma 
ef f ecti 
such  it 
short 
predict 
first 
gualita 
be  used 


onclusions  arrived  at  through  this  study  are 


s  and  residential  components  of 

munications  demand  must  be  subjected  to 
e  analysis,  as  they  have  distinct 
eristics.  Residential  demand  depicts  a 
t  seasonality,  whereas  business  demand  is 
sonal.  The  latter  follows  general  movements 
local  and  national  economy. 

rt  range  quantitative  forecasting  models 
ot  be  the  same  for  all  the  switching  center 
both  for  business  and  residential 
ies.  The  model  adequate  for  the  particular 
must  be  used. 

ination  of  quantitative  and  qualitative 
hes  is  a  better  approach  than  any  single 
A  composite  forecast  is  usually  more 
e  as  it  retains  more  advantages  and 
tion.  Time  series  analysis  makes  highly 
ve  use  of  historical  demand  patterns.  As 
is  a  very  efficient  technique  for  routine 
term  prediction.  However,  it  fails  to 
turning  points.  To  ascertain  when  the 
home  will  be  built  in  a  given  area, 
tive  techniques  such  as  opinion  polling  must 
.  A  combination  of  two  forecasts  should  be 


f 

\  •-*> 

3 1 

' 


Jr 


' 


\ 


’ 


arrived  at  using  appropriate  weightings. 

(4)  Long  range  forecasts  are  difficult  to  make  with 
time  series  analysis,  as  the  confidence  limits 
become  too  wide  to  have  a  meaning.  Such  models  are 
based  on  the  assumption  that  past  patterns  will 
continue  into  the  future,  which  is  less  likely  to 
be  valid  in  the  long  run. 

(5)  The  long  range  yearly  forecasts  are  too  sensitive, 
and  less  pertinent  for  planning  purposes  than  the 
forecast  of  ultimate  demand  in  a  switching  center 
area.  The  maximum  development  level  of  a  switching 
center  area  is  forecast  using  a  logistic  model. 

(6)  The  short  range  forecast  for  each  switching  center 
area  in  business  as  well  as  residential  categories, 
can  be  allocated  to  individual  uniform  modules 
within  a  switching  center  area.  A  micro-forecast 
is  arrived  at  using  the  concept  of  growth  potential 
which  takes  care  of  regional  differences  in  growth. 
A  growth  potential  factor  is  calculated  using  the 
past  growth  pattern,  and  is  modified  subjectively 
to  take  care  of  future  development  plans. 
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Appendix  A 


Autocorrelation  Partial  Relationship  Tentative  Model 

Autocorrelation 


Figure  1.  Identification  Process  Examples. 
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Appendix  A 


Sample  Autocorrelation  factor  r^  is  given  by 

n-k 


rk  =  t=1 


2  Ot-Y)(Yt+k-Y) 


,k  =  0,1 ,  . . . .k 


n 


l  (Yt-7) 

t=l  1 


Sample  Partial  Autocorrelation  factor  Akk  is  given  by: 

n  k  =  1 


Akk  = 


rk  Vl.j  rk-j 

k^l 

1  '  ^  Ak-l,j  rj 


,  k  =  2,3 ,  ....  k 


where  Akj  = 


Ak-l,j  '  Akk  Ak-1 ,  k-j 


j  =  1,2, . k-1 
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Figure  !•  Residential  Gain  for  a  Typical  Switching  Center  Area 
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Table  1.  Autocorrelation  and  Partial  Autocorrelation  Factors 
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Table  3.  Forecast  based  on  the  model  specified  in  Table  2 
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Appendix  C 


Computer  Program  for  Logistic  Curve  Parameter  Estimation 


REAL*8  YFO ,Y0, Y  (200)  , P,Q 
REAL*8  SDY /0 . 0  / , SIN  Y/0 •  / ,  I  NY  ,SB/0./ 

REAL*  8  S Y/0. 0/,SR/0./, SYSQ/0. 0/, B (8) 

INTEGER  IYM  (200)  ,  MA  (200) 

*****  READ  THE  OBSERVATIONS  (TOTAL  LINES),  THE  FORECAST  ***** 
C *****  ORIGIN  AN L  THE  NUMBER  OF  OBSERVATIONS***** 

C 

READ  (5, 19) YO,YFO,N 
READ  (3,10)  (Y  (I)  ,1=1  ,N) 

WRITE (6,22) 

DO  11  1=  1,  N 
C 

C*****  CALCULATE  PARAMETERS  OF  THE  NORMAL  EQUATION***** 

C 

DY=Y  (I-YO 
INY= 1 . 0/Y (I) 

R=DY*INY 
YSQ=  Y  (I)  *Y  (I) 

SY=SY+ Y  (I) 

SDY=SD Y+DY 
SIN Y= SIN  Y+ IN Y 
SR=SR+R 
SYSQ=SYSQ+ YSQ 

WRITE  (6, 12) Y  (I)  ,DY ,INY,R , YSQ 
11  YO=Y  (I) 

C 

C*****  WRITE  THE  PARAMETERS  OF  THE  NORMAL  EQUATION***** 

C 

WRITE  (6, 25)  SY,SDY,SINY, SR,SYSQ 
WRITE  (6,44) 

C 

C*****  SOLVE  THE  NORMAL  EQUATION  USING  GAUSS  ELIMINATION  **** 
METHOD  ***** 

c 

Q1  =  SR*SY-S  DY*D FLOAT (N-1) 

Q2=SY**2-S YSQ*DFLOAT  (N-1 ) 

Q=Q1/Q2 
P1=SR-SY*Q 
P=P1/DFLOAT  (N-1) 

A=P 

RK=-P/Q 

DO  21  1=  1,7,2 

NN=I*N/8 

B  1=RK/  (Y  (NN)  -1.0 
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B2=EXP  (A*FLO AT  (I*N/8) ) 

B  (I)  =B1*B2 

21  SB=5B  +  B (I) 

B  (8)  =  SB/4 

*****  write  the  logistic  parameters***** 

IK=IFIX (RK) 

WRITE  (6, 33) A,Q,B  (5) 

WRITE  (6,34) IK 
YM=Y  FO 
C 

C*****  OUTPUT  THE  LOGISTIC  FORECAST***** 

C 

WRITE  (6,55) 

DO  5  1=1,200 
X=A* YM  +  Q  *Y  M**2. 

Y  M=  Y  M  +  X 
IX=IFIX  (X) 

IYM(I)  =IFIX  (YM) 

5  MA  (I)  =1 

WRITE  (6,15)  (MA(I)  ,IYM(I)  ,1=1, N) 

22  FORMAT  ('  1'  ,35X, ' PARAMETERS  OF  THE  NORMAL  EQUATION', 

1 //, 9X , 'OBSERVATIONS' ,7X, 'CHANGE' ,2X, 'INVERSE 

1  OB SEE V  ATI ON  S  ' 

1 ,6X, ' R=D Y/Y ' , 9 X, 'OBSERVATION  SQUARES ' ,//) 

12  FORMAT (4X, FI  4.  1 , FI  4. 1 , IX ,F20. 1 5 , 1 X ,F20 . 15,1X,F20.1) 

25  FORMAT  (////, 40X, 'SUMMATIONS  OF  THE  ABOVE',// 
1/,7X,F14.2,F14.  1  ,F20.  1  5,  F2  0.  15, 2X,  F20.  2) 

10  FORM  AT  (1 2F8. 1) 

44  FORMAT  (//,  10X, ' PARAMETERS  OF  THE  LOGISTIC  CURVE  ARE:') 

33  FORMAT  (//,  10X  ,  •  A= «  ,  2X  ,  F 1  4 . 1 2 , 2 X ,  '  Q=  »  ,  2X ,  F  1  4.  1 2 , 2X  ,  '  B  =  «  , 

34  FORMAT (//, 10X, ' MAXIMUM  DEVELOPMENT  LEVEL  OF',//, 

1 S WITCHIN G  CENTER  AREA  IS',  1  OX, 16 , 2X , ' LINES ' ) 

19  FORMAT  (2F7. 1  ,13) 

55  FORMAT  (//, 10X ,' FORECAST  BASED  ON  LOGISTIC  ASSUMPTION',/ 
15  FORMAT  (4  (1  OX ,  13 , 2X  ,16)  ) 

STOP 

END 
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